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ASSIGNMENT 



For good and valuable consideration , the receipt and 
sufficiency of which are hereby acknowledged, the undersianed 
company: 

ASTRA AKT1EBOLAG 

having a place of business at 

S-151 85 Soderalje 
Sweden 

owner of the invention rights in the United States of America and 
its territories and possessions to the below listed U.S. Patent 
as evidenced in the Assignment records in the U.S. Patent and 
Trademark Office, and by these presents hereby sells and assions 



ALLELIX BIOPHARMACEUTICALS INC. 
having an address at 

6850 Goreway Drive 
Hississauga , Ontario 
Canada L4V 1V7 

(hereinafter ASSIGNEE) all right, title and interest for United 
States, its territories and possessions thereof, in and to the 
inventions and the applications therefor, identified as follows: 



PATENT 
NUMBER 

US 5,646,015 

M US 

US 5,382,658 

US 5,208,041 

US 5,496,801 
US 5,223,407 



ISSUE 
DATE 

July 8 1997 



January 17, 1995 

May 4, 1993 

May 5, 1996 
June 29, 1993 



TITLE 

EXCRETION OF HETEROLOGOUS 
PROTEINS FROM E. COLI 

STABILITY -ENHANCED 
VARIANTS OF PARATHYROID 
HORMONE 

ESSENTIALLY PURE HUMAN 
PARATHYROID HORMONE 

PARATHYROID HORMONE 
FORMULATION 

EXCRETION OF HETEROLOGOUS 
PROTEINS FROM E. COLI 



US 5,599,792 February 4, 1997 



BONE-STIMULATING , NON- 
VASOACTIVE PARATHYROID 
HORMONE VARIANTS 



Serial No. 
08/463,222 

07/806,271 

08/329,856 

hi IbOb-l 05 
07/239,145 

08/340,664 

H us 

08/461,436 
07/630,969 



Filing Date 
June 5, 1995 

December 13, 1991 

October 27, 1994 

August 31, 1988 
November 16, 1994 

June 5, 1995 

December 20, 1990 



TITLE 

PRODUCTION OF HUMAN 
PARATHYROID HORMONE FROM 
MICTOORGANISMS 



OXIDATION 
VARIANTS OF 
HORMONE 

STABILITY 
VARIANTS OF 
HORMONE 



RESISTANT 
PARATHYROID 



ENHANCED 
PARATHYROID 



EXCRETION OF HETEROLOGOUS 
PROTEIN FROM E. COLT 

PRODUCTION OF HUMAN 
PARATHYROID HORMONE FROM 
MICROORGANISMS 

PRODUCTION OF HUMAN 

PARATHYROID HORMONE FROM 
MICOORGANISMS 



PARATHYROID 
VARIANTS 



HORMONE 



including all reissue and extensions of Letters Patent granted 
for said invention; the Commissioner of Patents and Trademarks 
of the United States Of America being hereby authorized to 
transfer said Letters Patent to said Assignee in accordance 
herewith; this assignment being under covenant, not only that 
full power to make the same is had by the undersigned, but also 
that such assigned right is not encumbered by any grant, license, 
or other right heretofore given, such that the Letters Patent 
shall be held and enjoyed by said Assignee as fully and entirely 
as the same could have been held and enjoyed by the undersigned 
if this assignment had not been made. 



The undersigned hereby grants the firm of FOLEY 
& LARDNER the power to insert in this Assignment any further 
identification which may be necessary or desirable to comply with 
the rules of the U.S. Patent and Trademark Office for recordation 
of this Assignment. 

Company : 

Astra Aktiebolag 

(publ) 



Date: 



Date: 



Date 



/*^2. fffj 




Bv: 

Name: p.p. Claes Wilhelmssor^ 
Title: Executive Vice President 
Rea&a^h & Development 

WITNESS 



WITNESS ! 




Note: Pyim^ facie evidence of execution may optionally be 
obtained by execution of this document before a U.S. Consul or 
before a local officer authorized to administer oaths whose 
authority is proved by certificate from a U.S. Consul. 



PATENT 

Attorney Docket No. 016777/0311 
Appln. Serial No. 08/340,664 



APPENDIX 2 

CLAIMS ON APPEAL PRIOR TO AFTER-FINAL AMENDMENT 

3 1 . hPTH ( 1 -84), as a substantially homogeneous protein. 

32. hPTH ( 1 -84) having a purity of greater than 95%. 

33. hPTH (1-84), as a substantially homogeneous protein, prepared by a process 
comprising the steps of: 

providing a microorganism containing exogeneous DNA encoding hPTH (1-84); 
culturing said microorganism to allow expression of said exogeneous DNA, thereby 
producing hPTH (1-84); and 

purifying said hPTH (1-84) as a substantially homogeneous protein. 

34. The substantially homogeneous hPTH (1-84) of claim 33, wherein said 
microorganism is E. coli. 

35. The substantially homogeneous hPTH (1-84) of claim 33, wherein said 
microorganism is yeast. 



PATENT 

Attorney Docket No. 016777/0311 
Appln. Serial No. 08/340,664 



APPENDIX 3 

CLAIMS ON APPEAL AFTER ENTRY OF THE AFTER-FINAL AMENDMENT 

31. A substantially homogeneous recombinant human parathyroid hormone 
(hPTH (1-84)) protein. 

32. A recombinant human parathyroid hormone (hPTH (1-84)) having a purity of 
greater than 95%. 

33. A substantially homogeneous recombinant human parathyroid hormone 
(hPTH (1-84)) protein, prepared by a process comprising the steps of: 

(a) providing a microorganism containing exogeneous DNA encoding hPTH (1-84); 

(b) culturing said microorganism to allow expression of said exogeneous DNA, 
thereby producing hPTH (1-84); and 

(c) purifying said hPTH (1-84) as a substantially homogeneous protein. 

34. The substantially homogeneous hPTH (1-84) of claim 33, wherein said 
microorganism is E. coli. 

35. The substantially homogeneous hPTH (1-84) of claim 33, wherein said 
microorganism is yeast. 



PATENT 

GAUTVIK 3.0-001 FWC CIP CONT FWC DIV 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Group Art Unit: 1812 
Examiner: L.. Spector 



In re patent application of 
Gautvik et al . . 

Serial No. 08/340,664 

Filed: November 16, 1994 

For: PRODUCTION OF HUMAN 

PARATHYROID HORMONE FROM 
MICROORGANISMS 

x 

Assistant Commissioner for Patents 
Washington, D. C. 20231 

DECLARATION OF JOHN E. MAGGIO, Ph.D. P URSUANT TO 
37 C.F.R. § 1.132 

Sir: 

I, John E. Maggio, declare as follows: 

1. I am a citizen of the United States of America 
residing at 480 Washington Street, Brookline, Mass. 02146. 

2. I am an Associate Professor of Biological 
Chemistry and Molecular Pharmacology at Harvard Medical School, 
Boston, Massachusetts. I have been a professor at Harvard 
Medical School since 1985. 

3. My formal education includes Bachelors, Masters 
and Doctoral degrees, in the fields of chemistry and organic 
chemistry, all from Harvard University. I have also had 
extensive post-doctoral training at the University Chemical 
Laboratory and MRC Neurochemical Pharmacology Unit, Cambridge 
University, Cambridge, England, and at the 
Neuropsychopharmacology Research Unit at Yale University 
Medical School in New Haven. Both post-doctoral positions 
involved protein and peptide chemistry and purification 
thereof. My current curriculum vitae, including a list of my 
publications is attached as Exhibit 1. 



4. My past and present work centers around 
synthesis, purification and characterization of biologically 
active peptides including tachykinins, magainins and amyloid 
peptides. As part of my work and since at least the late 
1970s, I have used various forms of chromatography and 
electrophoresis for the purification of peptides and for their 
characterization- I am fully familiar with these techniques, 
and the state of their development throughout the 1980s and 
1990s. I am also fully familiar with the past and present 
capabilities and limitations of such techniques. 
Representative of my work with peptide separation and 
characterization is an article attached as Exhibit 2 entitled 
"Mapping Peptide-binding Domains of the Substance P(NK-l) 
Receptor from P388Di Cells with Photolabile Agonists", <J. 
Biological Chemistry. 270, (1995), 1213-1220. 

5. My knowledge of chromatography, electrophoresis, 
and other techniques used commonly in protein chemistry stems 
from my repeated use of those techniques throughout my career. 
I have supervised students and other scientists using these 
techniques and have taught the techniques, both in the 
classroom and in the laboratory. Therefore, I am comfortable 
judging the ordinary level of skill that a person in this art 
would possess in terms of the theoretical and the bench aspects 
of these techniques. 

6. In preparing this declaration I reviewed, among 
other things, the following materials: a copy of the 
specification of U.S. Serial No. 08/340,664, filed November 16, 
1994, (the "'664 application"); a copy of the Official Action 
dated September 8, 1995 issued by the patent examiner, Dr. 
Spector; copies of each of the references identified in the 



I Official Action; and a copy of the Declaration of Kaare M. 
Gautvik, M.D. Pursuant to 37 C.F.R. § 1.132 as well as the 
documents and photographs attached thereto. 

7. I understand from my review of the Official 
Action, the United States Patent and Trademark Office has 
refused to grant the '664 application in view of the 
disclosures of four references: Brewer et a 1 Fairwell et al., 
Klmura et al. and/or Kumagaye et al. 

8. I have reviewed the four references cited by the 
Patent Office and 1 do not agree with the Patent Office's 
conclusions regarding their teachings or disclosures. In my 
opinion, none of the references describe or suggest a method of 
obtaining a substantially pure, intact, hPTH peptide. None of 
the references provides a basis for concluding that a 
substantially pure hPTH product was actually produced. 
Further, nothing in the references describes an hPTH peptide 
having biological activity substantially equivalent to 
naturally occurring hPTH. I believe that a biochemist, organic 
chemist or analytical chemist having an ordinary level of skill 
in this technology would not be unable to draw any conclusion 
with regard to the purity of hPTH produced in accordance with 
the cited references. If anything, given the errors appearing 
in those references and the known shorrcomings of the 
techniques described in the references, e.g. solid phase 
chemical synthesis, those of ordinary skill in the art would 
probably assume that the resulting hPTH material was impure. 

9. Brewer et al. relate to an isolation from 
tissue, not a recombinant material. Brewer et al. contain 
three errors at positions 22, 28 and 30 of the synthesized 
peptide compared to the wild-type peptide. This is illustrated 
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in Fig. 1 of Brewer et al . Accordingly, Brewer et al . do not 
teach the production of an intact hPTH peptide. Moreover, two 
later publications cited by Dr. Spector in the Official Action, 
namely Klmura et al . and Kumagaye et al . , show that the 
purification protocols discussed in Brewer et al . result in 
impure materials. For example/ Fig. 2, on page 496 of Klmura 
et al. is an HPLC profile of crude product obtained after use 
of a separation protocol analogous to that disclosed in Brewer 
et al.; namely, the use of a combination of gel filtration and 
ion exchange chromatography. Impurities are plainly evident. 
Therefore, a conclusion of homogeneity based on Brewer et al . 
is unjustified. Further, Klmura et al . describe a purification 
sequence of CM-cellulose column chromatography followed by gel 
filtration on Sephadex G-50, followed in turn by the use of 
reverse phase-high pressure liquid chromatography ( "RP-HPLC" ) . 
Kimura et al . added the RP-HPLC step in recognition of the need 
to obtain better purity than Brewer et al . obtained. This fact 
alone, in my opinion, eliminates any plausible basis for 
concluding that the protein resulting from the methods 
described in Brewer et al . was essentially pure. 

10. Many of the criticisms of Brewer et al . apply to 
Fairwell et al . For example, Falrwell et al . produced a 
peptide having an Asp at position 76. Native hPTH has an Asn 
in that position. Falrwell et al . also used a separation 
protocol combining the use of gel filtration and ion exchange 
chromatography. As previously mentioned, that protocol was re- 
run by Kimura et al. and the results, as illustrated in the 
chroma togram in Fig. 2 thereof, show significant impurities. 
Finally, as Kimura et al. used RP-HPLC rather than relying 
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j: 

; merely on the separation protocol described in Falrwell et al . , 

j it is clear that subsequent investigators believed that the 

' i : 

separation protocols of Falrwell et al . were inadequate. 

11. Klmura et al . did not produce an essentially 
pure hPTH. As fCumagaye et al. clearly explain, " [t]oday, many 
peptides are synthesized by a solid-phase procedure and 
purified simply by a RP-HPLC system; the present results 
clearly indicate that the purification of synthetic peptides by 
RP-HPLC is not sufficient to obtain homogeneous products." 
(Emphasis added) Kumagaye et al. at page 330. This is 
especially significant because Kumagaye et al . is the same 
group of researchers as Klmura et al . 

12. Kumagaye et al . disclose a method of separating 
two different forms of hPTH from a mixture thereof by using 
cation exchange-HPLC . This is not a particularly surprising 
result as the two forms of hPTH disclosed have a full charge 
difference between them, a situation ideal for the use of 
cation exchange-HPLC. Nonetheless, one of ordinary skill in 
the art would not conclude that the resulting hPTH in 
accordance with Kumagaye et al. was essentially pure. One 
could conclude that the resulting material was pure of the one 
specific impurity, i.e. the specific point mutated form 
disclosed. However, there is no basis for concluding further. 
If anything, as explained herein, there is every reason to 
believe that impurities are present. 

13. Kumagaye et al. describe a solid phase peptide 
synthesis protocol which was common at the time. That 
synthesis, as explained in the Klmura et al. article, involved 
the use of BOC protected amino acids and traditional BOC 
chemistry. Using BOC chemistry, each successive amino acid is 
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added to the N-terminus of a growing chain by first removing 
the blocking group in acid, then neutralizing prior to 
coupling, followed by coupling the next BOC amino acid in 
sequence using, for example, dicyclohexylcarbodiimide ("DCC"). 

14. This technology suffers from a number of well 
known shortcomings and, in fact, has largely been replaced. One 
of the better known and most common problems with solid phase 
BOC chemistry, particularly for longer peptides such as hPTH, 
is racemization. As explained in Bodanszky, "Peptide Chemistry; 
A Practical Textbook" at page 120, the problem of racemization 
using DCC coupling and BOC chemistry is well documented. See 
Exhibit 3. This chapter, as well as the others attached as 
Exhibit 3, demonstrate the prevalence of racemization and 
concerns over this phenomenon during solid phase protein 
synthesis . 

15. Some of the other well known impurities generated 
by solid phase synthesis are described in the Falrwell et al. 
article cited by Dr. Spector at page 2691. These impurities 
include, among other things, deletion peptides, omission 
peptides and prematurely terminated peptides. For example, 
during solid phase synthesis it is possible for coupling to be 
either duplicative or incomplete, thereby providing a peptide 
having an additional amino acid or an omission from the normal 
sequence.' There may be one or more additions and/or deletions 
in any given peptide. These additions and/or deletions can 
occur almost anywhere along the chain. Premature termination 
of the chain length is also common. This may occur for a host 
of reasons such as, peptides folding in on themselves, side 
reactions to make the N-terminal amino acid unavailable for 



-6- 



j further coupling, steric hindrance/ premature cleavage from 
the bead, and the like. 

16. To fully understand the magnitude of the 
purification problems presented by the use of this type of 
synthetic chemistry, one needs to consider that all three of 
the foregoing problems, incomplete coupling, premature 
termination, and racemization, are occurring simultaneously. 
The result often is a wide variety of incorrect peptides, 
frequently including two or more of the aforementioned errors. 
The frequency of these errors, and therefore the degree of 
impurity, increases exponentially with the length of desired 
peptide. Proteins such as hPTH, which is 84 amino acids in 
length, are considered to be long and difficult to make 
synthetically, even by today's sophisticated standards. The 
technique employed by Kumagaye et al, cation exchange-HPLC, 
could be used for separating some of the resulting impurities. 
However, this technique would only work for that fraction of 
the total impurities having a charge differential when compared 
to native hPTH; a relatively minor percentage of the total 
impurities. In addition, depending upon the conditions used, 
not all of the differently charged species will be separated. 
Some of the resulting impurities may have a charge which is 
very similar to native hPTH, and may co-elute with hPTH. Any 
single impurity, if known, could theoretically be removed from 
the mixture by HPLC, RP-HPLC, and/or some other separation 
technique (s) . Here, with the many possible impurities, it 
would be nearly impossible to effectively remove them all. 

17. Persons familiar with cation exchange-HPLC would 
realize that the types of impurities to which I have referred 
result, almost inevitably, from the use of solid phase BOC 
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chemistry and that many of the impurities co-elute with intact 
hPTH. Therefore, one would conclude, as I concluded, that the 
hPTH material resulting from the protocol described in Kumagaye 
et al . is pure only insofar as the one disclosed point mutant. 
No further conclusions about purity can be made. If anything, 
the impurities known to result from the solid phase synthesis 
described in the references would lead to the conclusion that 
the hPTH resulting from Kumagaye et al . would contain other 
impurities. Kumagaye et al. provide no explicit recitations of 
purity, provide no other form of characterization of the 
quality or quantity of the resulting hPTH material and provide 
nothing with regard to biological activity. Due to the 
cellular editing mechanisms found in, for example, yeast and E. 
coll, such impurities would not occur. 

18. My opinion of all of the references, and, in 
particular Kumagaye et al . r is strengthened by the comparisons 
that I have reviewed between recombinant hPTH manufactured as 
described in the '664 application and commercially available, 
synthetically produced, hPTH produced by solid phase peptide 
synthesis . 

19. As stated in paragraph 6, I have reviewed the 
declaration of Dr. Kaare M. Gautvik and, in particular, the 
photographs labeled Glossy 0 through Glossy III attached in 
Exhibits B-E, respectively, thereto. I understand from Dr. 
Gautvik 1 s declaration that the materials analyzed and depicted 
in these photographs were made pursuant to the techniques 
described in the '664 application. Having reviewed that 
specification, I have no reason to question that assertion. 
The photographs are particularly informative because they 
provide a direct comparison between peptides produced by solid 
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:. phase chemical synthesis and recombinant technology as 
| described in the '664 application. 

; 20. Glossy 0 illustrates an electrophoret ic gel 

comparing recombinantly produced hPTH from Dr. Gautvik's 
laboratory with hPTH produced by solid phase synthesis sold by 
Sigma. Lane 2 (second from the left) contains the recombinant 
hPTH produced by Dr. Gautvik. The single broad band indicates 
homogeneity. In contrast, the Sigma material illustrated in 
Lane 3 shows a band migrating at roughly the same position as 
the hPTH produced recombinantly and two additional impurities 
of higher molecular weight. Based on the presence of these 
impurities in the Sigma material, the intensity and breadth of 
the bands and the relative intensities and sizes of the bands 
of hPTH, it is not hard to see that the recombinant material is 
orders of magnitude purer than the Sigma material. 

21. Glossy III shows molecular weight standards in 
Lane S as well as recombinant hPTH produced from E. coli (Lane 
4) and yeast (Lane 2) produced in accordance with -the 
procedures outlined in the '664 application. Disposed between 
these materials, in Lane 3 is a synthetic material produced by 
solid phase synthesis available from a second chemical 
supplier, Bachem. The recombinant material is characterized by 
a single, sharp, dark, broad band corresponding to hPTH. In 
contrast,* the Bachem lane illustrates the presence of lower 
molecular weight impurities in a smear. Moreover, the 
difference in the intensity of the staining indicates a 
significantly greater amount of hPTH in the recombinant 
preparations than in the chemically synthesized preparations, 
using an identical load (800 nanograms) of assayed material. 



j 22. Glossy II contains, in addition to the 

j information illustrated in Glossy III (lanes 27 through 29), 
; identical preparations at a loading of 200 nanograms, (lanes 22 
through 24) . The difference in the intensities of the bands 
between the recombinantly produced material and the solid phase 
synthetic material available from Bachem illustrates the 
significantly greater amount of hPTH in the recombinant 
material, per unit weight. (Lanes 22 and 24 contain 

recombinant material and line 23 contains synthetic.) This 
information is totally consistent with the HPLC, N-terminal 
amino acid sequencing, mass spectrometry and two dimensional 
gel electrophoresis described in the '664 application. Based on 
this information, one of any level of skill in this art would 
conclude, as I have, that the recombinant material produced in 
accordance with the present invention is essentially pure. 

23. My opinions are both verified and amplified by 
my review of Dr. Gautvik's declaration and, in particular, his 
publication in the peer-ref ereed journal Peptides , attached to 
his Declaration as Exhibit F. This article clearly 
demonstrates the biological properties of the recombinant 
material produced in accordance with the 1 664 application and 
verifies that which would be implicitly understood therefrom; 
namely that the hPTH material of the invention has biological 
activity substantially equivalent to naturally occurring human 
parathyroid hormone. Chemically synthesized material does not . 

24. Dr. Gautvik's Peptides article is significant in 
that it illustrates both in vivo and in vitro biological 
activity. The results consistently reemphasize the superiority 
of the recombinant hPTH material in direct side-by-side 
comparisons to synthetic material. Fig. 1 of the Peptides 
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paper illustrates the differences in binding- affinity between 
recombinant hPTH produced in accordance with the ' 664 
application from both E. coli and yeast and synthetic material 
from Bachem. The Kd of the recombinant material was 9 . 5nM 
while the Kd of the Bachem material was 18nM. This illustrates 
that the recombinant material contains approximately twice as 
much authentic hPTH when compared to the chemically synthesized 
material. The differences between these Kd values are very 
statistically significant as described in the paper (95% 
confidence intervals and redundant testing in triplicate) . 
Because the Kd values indicate a greater amount of authentic 
hPTH per unit weight, the significant difference between the 
two K d values indicate a dramatic difference in purity. 

25. Fig. 2 of the Peptides paper illustrates the 
abilities of different preparations of hPTH to elicit a 
biological response in cell cultures. From Fig. 2 one can 
determine both an EC 5 o for cyclic AMP (cAMP) as well as a 
measure of efficacy or maximal response. ECso is a measure of 
the potency of the materials in question. Here, the EC 5 o for 
recombinant hPTH is 1.5nM. The Ecso for the Bachem material 
was 5.7nM. This is almost a four fold difference. As the 
figure and the accompanying text illustrate, this difference is 
highly statistically significant. 

' 26. One of the more surprising findings outlined in 
the Peptides paper is the efficacy of the resulting materials. 
It appears that the Bachem material is only about 70% as 
efficacious as the recombinant hPTH. This means that no dose 
of synthetic material would be able to produce the maximal 
response of the tested cells, a problem not shared by the 
recombinant material. These two figures, acting in 
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i, combination, illustrate that the recombinant material is 
| superior not only in purity, but also in binding and in 
j eliciting a biological response. Moreover, the data just 
described are completely consistent with the data illustrated 
in Figs. 3-5 which show the in vivo activity of recombined hPTH 
in rats. In particular, Fig. 3 confirms the efficacy and 
potency data described in Fig. 2 by exhibiting an increased 
level of blood calcium over that achievable through the use of 
the synthetic material. Even 2.7 micrograms of Bachem PTH was 
unable to produce the same results as 2.0 micrograms of 
recombinant PTH. 

27. The Peptide paper is a particularly good 
comparison of the recombinant material produced in accordance 
with the '664 application and synthetically produced material 
because of its careful characterizations and the variety of 
analytical techniques used. For example, peptide 

concentrations were determined by amino acid analysis. This is 
the premier method of determining peptide concentrations- to 
date and is superior to other techniques such as optical 
density or dry weight. Jn vivo activity was measured not in 
one system, but rather by induction of hypercalcemia, urinary 
excretion of phosphate and by changes in urinary cAMP after 
administration of hPTH. Moreover, in vitro activity was 
assayed by receptor binding and cAMP responses of cells in 
culture. The variety of techniques used would appear to 
conclusively establish the superiority of recombinant material 
over synthetic material, both biologically and in terms of its 
purity. For these reasons, I believe that essentially pure 
recombinant material results from the practice of the invention 
described in the above-captioned application and that this hPTH 
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material is superior to anything in the prior art. 



I also 



believe that one of ordinary skill in the art would, upon 
reading the application, conclude as I have. 



and the like are punishable by fine or imprisonment or both (18 
U.S.C. 1001) and may jeopardize the validity of the application 
or any patent issuing thereon. I declare that all statements 
made in this declaration of my own knowledge are true and that 
all statements made on information and belief are believed to 
be true. 



28. 



I have been warned that willful false statements 



Date : 
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Foundation for Biomedical Research 
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COMPETITIVE SUPPORT - 

Science and Engineering Research Council, UK (1981-82) 
National Science Foundation (1982) 
Muscular Dystrophy Association (1983-84) 
North Atlantic Treaty Organization (1982) 

National Institute of Neurological Disorders & Stroke (1985-1994) 
Milton Fund of Harvard University (1 989) (1 994) 

National Institute of General Medical Sciences (1 988-1 993)(1 995-date ACTIVE) 
Institute of Chemistry in Medicine/Hoffmann-La Roche (19^2-date > ACTIVE I 
American Health Assistance Foundation (1 994-date. ACTIVE) ' ' Vl=) 
National Institute of Aging (1 995-date, ACTIVE) 



TRAINING PROGRAMS fNiH) at Harvard Medical School- 
Pharmacological Sciences (Associate) 
Endocrinology (Associate, Executive Committee) 

Neuroscience (Associate, Admissions, Appointments, Steering Committee) 
Developmental Neurology (Associate) ' 
Molecular Biophysics (Associate) 

Neurological Sciences Academic Development (Associate) 
Biological Sciences in Public Health (Associate) 



LOCAL COMMITTEES : 

Dr Maggie i has served on and chaired a wide range of departmental oroaram 
medical school, and university committees, such as: Faculty Search' 
Admissions, Facilities, Thesis Advisory, Qualifying/Preliminary Examination 
Criferii ? Eta'sE Serwie ' COUrSe Plann ' ng ' stee ™9. Executive ' 
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Mathematics (undergraduate) 

Organic Chemistry (undergraduate) 

Biochemistry (undergraduate, graduate, medical)* 

Neuropharmacology (graduate, medical)* 

Membranes, Receptors and Signal Transduction (graduate)* 

Pharmacology (graduate, medical) 

Biological Chemistry and Molecular Pharmacology (graduate)* 
Conduct of Science (graduate) 
Membrane Structure & Function (graduate)* 
•Course Director or Co-Director 



PEER REVIEW EXPERIENCE : 

NIH Study Sections (ad hoc, Reviewers Reserve): 

Experimental Cardiovascular Sciences (ECS, 4/87) 
Small Business Innovation Research (SSS-7/E, 3/88) 
AIDS and Related Research (ARR-5, 12/88) 

Neurological Sciences (NLS-1, 6/90, 10/90, 6/91, 10/91, 10/92. 10/93 
10/94) .... 

Neurology (NEUB-1, 6/95) 

NSF Applications (ad hoc) 

Journals (ad hoc): 

Am. J. Pathol., Am. J. Physiol., Anal. Biochem., Anesthesiology, 
Biochemistry, Biochem. Biophys. Acta, Brain Res., Cancer Res., FEBS 
Lett., Gastroenterology, J. Biol. Chem., J. Chem. Neuroanat., J. Lab. Clin. 
Med., J. Neurochem., J. Neuroimmunol., J. Neurosci., Lab. Invest., 
Nature, Neurobiol. Aging, Peptides, Pharmacol. Rev., Proc. Natl. Acad 
Sci. USA, Protein Sci., Regul. Peptides, Trends Neurosci. 



BRIEF PROFESSIONAL BIOGRAPHY : 

Dr. Maggio's graduate work included research on noncovalent interactions, 
organic synthesis, reaction mechanisms, biological control, NMR spectroscopy and 
biochemistry under the mentorship of Jean-Marie Lehn, Robert B. Woodward and 
(principally) Konrad E. Bloch. He received the Ph.D. in Organic Chemistry from 
Harvard University in 1981. His postdoctoral research on various aspects of 
neuropeptides and neuropeptide receptors was carried out at the Medical Research 
Council and the University of Cambridge, UK, with Leslie L. Iversen and Dudley H. 
Williams; and later at Yale University School of Medicine with Robert H. Roth. He 
joined the faculty of Harvard Medical School in 1985, and is presently Associate 
Professor of Biological Chemistry and Molecular Pharmacology. 
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RESEARCH INTERESTS 

The bioactive peptides are the largest and least understood class of 
intercellular messengers, carrying out a diverse set of functions in a wide variety of 
systems. Understanding bioactive peptides and their receptors, in the nervous system 
and elsewhere, is the general research goal in our group. 

One system of interest is the tachykinin (substance P) family of peptides and 
receptors, which are involved in transmission of primary afferents and thus in pain and 
neurogenic inflammation. As the primary structures of both the ligands and their 
receptors are known, an excellent model system for peptide-protein interactions in 
signalling is available. Recently we have identified through photoaffinity labelling 
which regions of the peptide substance P interact with which regions of its G-protein- 
coupled receptor, a protein whose expression is upregulated a thousand-fold in some 
inflammatory diseases. Radioactive, fluorescent, and antibody probes of these 
receptors allow studies of desensitization and internalization in vivo and in vitro. 

Another system under investigation is the process of amyloid formation in 
Alzheimer's disease (AD) and other amyloidoses. The characteristic lesion of AD is 
brain senile plaques formed mainly of the human amyloid peptide AB, a »40-mer which 
occurs naturally in normal as well as AD brain. By reconstituting plaque growth 
(deposition of Ali at physiological concentrations onto authentic plaques) in vitro, we 
can characterize the process and identify conditions and components which enhance 
or inhibit its kinetics. Structure/activity studies have identified amino acids critical for 
amyloid deposition and active peptide analogues suitable for high resolution structure 
determination by nuclear magnetic resonance spectroscopy. The latter studies have 
further identified conformational elements essential to plaque deposition. 

Another interest is the characterization of novel bioactive peptides from 
natural sources. A particularly rich source is the skin venom of certain neotropical 
frogs. The peptides found here include antibiotics and toxins as well as close analogs 
of discovered and yet undiscovered mammalian neuropeptides. 



REFERENCES available on request. 
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GAUTVIK 3.0-001 FWC CIP CONT FWC DIV 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re patent application of 
Gautvik et al. 

Serial No. 08/340,664 

Filed: November 16, 1994 

For: PRODUCTION OF HUMAN 

PARATHYROID HORMONE FROM 
MICROORGANISMS 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



Group Art Unit 1812 
Examiner: L. Spector 



DECLARATION OF KAARE M. GAUTVIK, M.D. 
PURSUANT TO 37 C.F.R. § 1.132 

Sir: 

I, KAARE M. GAUTVIK, declare as follows: 

1. I am a coinventor of the above-captioned 
application. 

2. I am a citizen of Norway residing at Bregnevn 3, 
0875 Oslo, Norway. I am fluent in English. My curriculum vitae 
is attached hereto as exhibit A. 

3. Throughout the 1980 's, and continuing today, I 
have had a keen interest in a number of medical conditions 
including osteoporosis. In the early 1980 's not much was known 
regarding this condition. As best exemplified by the Brewer et 
aJ. patent cited by the Examiner in the Official Action dated 
September 8, 1995, most of the emphasis at the time was on the 
N-terminal region, that could bind to certain receptor cells in 
bones. But the hPTH peptide was not well characterized and 
certain phenomena could not be explained by this binding. I and 
others sought to explain these hitherto unexplained phenomena. 
To test various theories, a good, inexpensive supply of very 
pure hPTH was needed. At the time, the only way to obtain hPTH 
was by extraction and isolation, followed by complex 
purification from human tissue. This was more than just a 
laborious process. .Due to the difficulty in obtaining human 
tissue where hPTH had not deteriorated, relatively little 
material could be extracted and isolated at any one time. 
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Moreover, purification technology had not advanced to the point 
where suitable purity could be obtained. 

4. Before I could continue my desired research, I 
first had to find or develop a suitable source of essentially 
pure hPTH. I felt that if suitable recombinant systems could be 
developed for producing hPTH, the inherent protein editing 
mechanism contained within the cell could be harnessed to 
produce, intact, correctly sequenced, fully active, hPTH. If 
this was accomplished, purification of the expressed protein 
could be carried out using the technologies that were prevalent 
at the time. I therefore sought the skills of my coinventors, 
and together we developed a source of raw material. The manner 
in which that was accomplished, and the resulting highly pure 
peptide, is described my above-captioned patent application. 

5. By the use of recombinant technology as described 
in the patent application, we have been able to obtain hPTH 
which is not only of significantly higher purity than anything 
otherwise available, but also hPTH which was qualitatively 
superior. The data presented herein describing the attributes 
of the essentially pure, recombinant hPTH we developed are based 
on hPTH hormone produced by me or under my direct supervision in 
the mid to late 1980s. The resultant peptide was purified as 
described in the application. No other purification steps were 
employed. 

6. Attached as Exhibits B-E are a number of glossy 
photographs labeled Glossy 0 through Glossy III. These glossies 
contain, among other things, photographs of electrophoresis gels 
run by me or under my direct supervision. Glossy 0 (Exhibit B) 
corresponds to an electrophoretic gel comparing synthetic hPTH 
obtained from the chemical supply company, Sigma, to recombinant 
hPTH obtained from yeast as disclosed in the above-captioned 
application. This gel was prepared before the filing of my 
patent application which issued as U.S. Patent No. 5,420,242. 
Lanes 1 and 4 contain chemical markers. Lane 2 (second from the 
left) contains recombinant hPTH prepared in accordance with the 
present invention. The Sigma material was loaded in Lane 3 
(third from the left) . The symmetrical blurring on either side 
of the actual hPTH band is the result of overloading the gel. 
It is significant to note that a single band of material is 
present in Lane 2 while three distinct bands are found in 



2 



GAUTVIK -.0-001 FWC CIP CONT FWC DIV 
|j Serial No. 08/340,664 

j ; Lane 3* This indicates the presence of significant quantities 
j! of high molecular weight impurity in the Sigma material. 
|j 7. Glossy I (Exhibit C) illustrates the gel of an 

j experiment that was run on November 30, 1989 and shows, a 
comparison screening of different chemically synthesized hPTH 
peptides from various companies including Peptide (Lanes 3 and 
12), Peninsula (Lanes 4 and 13), Sigma (Lanes 5 and 14) and 
Bachem (Lanes 6, 7, 15 and 16). Two preparations of Bachem 
material were run (Lot Nos. ZE567 and 734B) . Gels were loaded 
with either 200 nanograms or 800 nanograms of material as 
indicated, according to the manufacturers instructions. These 
materials were run against three lanes with molecular markers 
(Lanes 2, 11 and 20) as well as pur recombinant hPTH produced 
from E. coli (Lanes 8 and 17), yeast (Lanes 9 and 18) and QPTH 
(Lanes 10 and 19) . The materials obtained from Peptide and from 
Peninsula ran as a higher molecular species of much less 
quantity than indicated by the manufacturer and no correctly 
sized hPTH could be seen in the Peptide lanes, even when applied 
at 800 nanograms. The Peninsula material in Lane 4 shows a 
small indication of correct hPTH, but most of the material 
exists as a high molecular weight form. The Sigma preparation 
ran at a correct location but contained much less material than 
the manufacturer indicated. No material was evident at a 
loading of 200 nanograms. The two different batches from Bachem 
show a peptide of correct molecular size, but one of the 
preparations shows a heavy, and the other a lesser, trailing 
smear indicating lower molecular weight impurities. Again, the 
amounts of hTPH contained in the Bachem bands appear to be less 
than the amounts contained in the bands corresponding to the 
same loaded amount of recombinant hPTH from yeast and E. coli. 
Each of the three recombinant hPTHs appear as very sharp, fat 
bands, of equal intensity and much stronger intensity than any 
of the chemically synthesized preparations. When applied as 200 
nanograms, only the recombinant hPTH lanes can be clearly seen. 
Everyone familiar with gel electrophoresis of protein knows that 
as little as 100 nanograms is usually sufficient to provide 
detectable staining. Thus, the absence of staining of 200 
nanograms and diffuse" bands at 800 nanograms are indicative of a 
relatively impure peptide. 
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8. Glossy II (Exhibit D) is a different experiment 
carried out on the same day as Glossy I . As indicated, two 
amounts of various materials, 200 nanograms and 800 nanograms, 
were applied per lane. The E. coli preparation used in this 
electrophoresis showed two high molecular weight bands on the 
silver nitrate stained gel (dimeric/polymeric aggregates) (Lanes 
24 and 29), while the two yeast hPTH lanes contain very sharp 
bands in comparison to the Bachem preparation (compare Lanes 22 
versus 23 and 27 versus 28, respectively) . The Bachem 
preparation, shown in Lanes 23 and 28 shows considerable 
trailing toward degradation products. The amount of the correct 
material of the Bachem preparation may best be judged by the 
electrophoresis of the 200 nanogram sample. At 2 00 nanograms of 
material loaded, very little Bachem material was observed and 
lower molecular weight species are seen as a trailing area. 

9. Glossy III (Exhibit E) is a blow-up of Glossy II 
indicating the size of the molecular markers in the first lane 
on the left. We have since carried out more recent 
electrophoresis and the bands appear exactly as they did in 198 8 
and 1989, indicating that there was no degradation of our 
preparation since its production in the late 1980 f s. The 
absence of degradation also indicates the substantial purity of 
the resulting material. The foregoing clearly indicates the 
superior purity of the material resulting in accordance with the 
present invention. However, it is also my opinion that because 
the hPTH produced in accordance with the present invention is 
recombinant material purified as explained in the application, 
not only is the peptide of better purity, but it is also of a 
significantly better quality. The differences are aptly 
illustrated in some of my prior published works. 

10. For example, attached hereto as Exhibit F is a 
copy of my paper, "Differences in Binding Affinities of Human 
PTHU-84) Do Not Alter Biological Potency: A Comparison Between 
Chemically Synthesized Hormone, Natural and Mutant Forms, " 
published in the refereed journal, Peptides, (1994), 15, 1261- 
65. The data reported in this paper involved the analysis of 
hPTH material produced in accordance with the patent application 
in the mid to late 1980' s. In fact, no other purification steps 
were taken, other than those disclosed in the patent application 
prior to the analyses described in this paper. 
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11. As will be readily apparent, we ran a number of 
in vitro tests to determine not only the purity, but also the 
qualities of the recombinant hPTH material prepared in 
accordance with the present invention and compared same to the 
best available chemically synthesized hPTH from Bachem. The 
first test, as illustrated in Fig. 1, shows the inhibition of 
radiolabeled [Tyr 36 ] chicken PTHrP (1-36) amide by various 
hPTHs. The data represents the mean (± standard deviation) of 
at least two independent experiments each performed in 
triplicate. As will be self evident from the figure, chemically 
synthesized hPTH had a calculated binding affinity, (Kd) of 18nM 
(95% confidence interval: 16.1-20.0nM) while recombinant hPTH 
(1-84) from both yeast and E. coli had a significantly lower 
apparent Kd of 9.5nM (95% confidence interval: 8.7-10.4nM). 

12. Fig. 2 illustrates the stimulation of cAMP by 
different types of hPTH. The recombinant hormones in accordance 
with the present invention have the ability to stimulate 
intercellular cAMP accumulation with an EC 50 of about 1 . 5nM, 
(95% confidence interval 1.0-2.2nM). in contrast, the solid 
phase synthesized hPTH showed a significantly reduced potency in 
stimulating cAMP production with an EC 50 value of 5.7nM (95% 
confidence interval: 3.4-9.6nM). Fig. 2 also illustrates that 
the synthetically produced hPTH exhibited a reduced maximal 
response. Therefore, no matter how much synthetic hPTH is 
administered, it is not possible to obtain the same efficacy as 
that obtained by the administration of recombinant peptides in 
accordance with the present invention. These same results were 
mirrored in the in vivo testing undertaken and illustrated in 
Figs. 3 through 5. 

13. A common way to measure hPTH bioactivity is 
to determine its ability to activate cell membrane-bound 
adenylate cyclase in target cells, e.g., bone derived cells. 
When hPTH binds to its receptor, adenylate cyclase is 
activated. This generates cAMP from ATP Mg. The activity 
of adenylate cyclase can be directly measured in membrane 
fractions of broken target cells when radioactive ATP Mg is 
added and the radioactively generated cAMP is isolated and 
quantitated by scintilation counting. The formation of cAMP 
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over the course of a certain time period represents a 
measure of adenylate cyclase activity. The hPTH produced as 
described in my patent application exhibits full activity in j 
an adenylate cyclase assay. Therefore, the recombinant hPTH 
possesses biological activity which is substantially 
equivalent to that of naturally occurring hPTH. Another 
method of determining biological activity is to measure the 
amount of cAMP generated inside intact target cells which 
have been treated with hPTH in the presence of an inhibitor 
of cAMP degradation. After a certain period of treatment, 
the reaction is stopped (the cells are killed) and cAMP is 
measured after extraction by radioimmunoassay. This is the 
test described in my paper in the journal Peptides (Fig. 2) . 
Thus, the adenylate cyclase and the cAMP assays, both 
individually and collectively, establish the full biologicol 
activity of the hPTH I and my coinventors made. 

14. I have been warned that willful false 
statements and the like are punishable by fine or 
imprisonment or both (18 U.S.C. 1001) and may jeopardize the 
validity of the application or any patent issuing thereon. 
I declare that all statements made in this declaration of.my 
own knowledge are true and that all statements made on 
information and belief are believed to be true. 

Dated: Q 2 . J ?, c ? 6> /t^SM^ 

KAARE M. GAUTVIK, M.D. 

F:\SS\DOCSV3.0V38429.DOC 
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Kaare M. Gautvik, professor dr.med. 



Personal and marital status 

Name: Kaarc M. Gautvik 

Home address: Bregnevn. 3, 0875 Oslo, Norway 

Business address: Institute of Medical Biochemistry, University of Oslo, P.O.Box 1 1 12 

Blindem, 0317 Oslo, Norway 
Telephones: 47-22851055 (work); 47-22235137 (home) 

Date and place of birth: 1 1 th of December 1939 in Oslo. 
Social Security No.: 11 1239.39311 

Married to: Vigdis Teig Gautvik, date of birth: 24th of March 1947 

Children: Lars Erlend Sakrisvold Gautvik, date of birth: 9th of January 1964 
Silja Marie Sakrisvold Gautvik, date of birth: 31 th of March, 1973 
Ole Martin Teig Gautvik, date of birth: 21th of January 1982 



Education 

1 . August 1958-June 64, Medical School at the University of Oslo. 

2. 1967-69 Courses in mathematics involving 

geometry, statistics and mathematical analysis. 

3. May 1970, Disputation for the medical doctor degree at 

the University of Oslo. 

4. 1985, Specialist in medicine, in clinical chemistry and physiology. 



Rmplffymfint 

1 . June 1964 - June 1965, working at Tromse University Hospital at medical and surgical 
departments. 

2. July 1965 until December 1965, working as a general practitioner in Sjavegan, Troms. 

3. One year military service as a major in The Norwegian Air Force, working mainly at the 
Norwegian Institute for Aviation and Space Medicine. 

From 1967, position as post-doctoral researcher at The Institute of Physiology, Uni- 
versity of Oslo. 



Curriculum vitae - K.M. Gautvik 



8. 



From September 1969, promoted to Assistant Professor at the University of Oslo 
Institute of Physiology. J 

Leader and responsible for clinical and experimental endocrinological laboratory of 
Institute for Surgical Res., The National Hospital, Oslo, from 1973 - 89. 

H^icd Oslo traiDinS ^ * SPCCialiSt ™ cKnical chemistr y * the Norwegian Radium 

From August 1983 appointed to full professor at the Institute of Medical Biochemistry, 
Medical Faculty, University of Oslo. 

(At the same time receiving offers of professor chairs at the Institute of Physiology 
Medical Faculty and at the Institute of Physiology and Biochemistry, Faculty of Odon- 
tology). J 



Post-doctoral training aKr^ 

1 * ff r * r *™ onths in 1 967 » 1 ^ked as a lecturer at the Department of Physiology, 
Medical School, Birmingham University, England. 

2. From August 1971 to July 1 973 in receipt of Fogarty international postdoctoral fellow- 
ship at the Department of Pharmacology, Harvard School of Dental Medicine and 
Harvard Medical School. 

3. 1 980, 4 months Visiting Professor at Institute of Genetics, BMC, Uppsala University 

Sweden. 

4. 1995/96 12 months Visiting Research Professor, The Scripps Research Institute, Dept. 
Mol. Biology, LaJolla, San Diego, USA. V 



Teaching responsihiHty 



1. 



One year teching in aviation medicine for medical personnel and pilots 

2. I have given lectures and courses for medical students in following subjects- 
Haematology, kidney physiology, endocrinology, circulation, respiration and 
gastrointestinal physiology. From 1983 organized and given lectures and courses in 
molecular genetics at undergraduate and postgraduate level for students in medicine and 
sciences. 

3. Organized interfaculty advanced courses within molecular endocrinology 

4. Lectures have been given in the following subjects at post-doctoral courses- 
Diseases of the thyroid gland (1973); Regulation of circulation in the gastrointestinal 
system (1973); Local hormones (1975); Endocrinology (annually from 1978); Tumour 
markers (1979); Calcium metabolism (annually from 1980); Ligands for peptide 
hormone-receptors, and Nuclein acid biochemistry (1984); TRH-reccptors in prolactin- 
producing cells (1985). Molecular biology in medical research (yearly from 1983). 
Biochemical analysis on bone material (1991). 

5. Invited lectures: Several places in the U.S., in Sweden, in Finland, and in England, as 
well as different places in Norway, a total of 37 as of 1995. 

6. Chief organizer of post graduate scientific courses for the Medical Fakulty at University 
of Oslo, 1986-1991. J 
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7. Organizer of international scientific meetings within the frame of the following societies: 
Acta Endocrinologica (European International Endocrine Society), The Scandinavian 
Physiology and Pharmacology Meetings, and the Norwegian Biochemical Society. 

8. Introduced teaching in Molecular Biology for students at the Medical Faculty, Oslo. 

9. Invited as Symposium Lecturer at international meetings in physiology and 
endocrinology and molecular biology as exemplified below: 



Examples of specially invited symposium lectures 

1 . February, 1990: "Production of recombinant human parathyroid hormone in E.coli and 
Saccharomyces cerevisiae and its potential use as drug in osteoporosis" by Kaare M. 
Gautvik, Eli Lilly Co., Indianapolis, USA, in a Biotechnology meeting. 

2. June, 1990: Symposium lecturer and organizer "Hormone receptors and cellular signal 
transduction. The XXII Nordic Congress in Clinical Chemistry, Trondheim, Norway. 

3. July, 1990: Symposium lecturer "Transmembrane signal systems involved in the 
regulation of prolactin secretion by hypothalamic peptide hormones in cultured pituitary 
cells. 2nd European Congress of Endocrinology, Ljubljana, Yugoslavia. 

4. July, 1990: Symposium lecture: "Successful cloning and production of human 
parathyroid hormone (hPTH) in yeast as a secretory product". 5th European Congress 
on Biotechnology, Copenhagen, Denmark. (Unable to attend, and the lecture was held 
by cand.scient Sjur Reppe). 

5. August, 1990: Symposium lecture: "Processing and stability of human parathyroid 
hormone produced in E.coli and S.crevisiae studied by in vitro mutagenesis". Work- . 
shop/Symposium on site-directed mutagenesis and protein engineering, Tromse, 
Norway. 

6. December, 1990: Invited by Professor Guo Hui-Yu, Guangzhou, China and Professor 
G.L. French, Hong Kong. Lecture entitled: "Expression of human parathyroid hormone 
as a secretory protein in prokaryotic and eukaxyotic microorganisms". The Second 
International Conference on Medical Microbiology and Biotechnology Towards 2000, 
Guangzhou, China. (Did not attend as a protest against the punishment of the students 
rebellion in Peking). 

7. January 1991: Invited to a Workshop by Dr. Stephen Green, Central Toxicology 
Laboratory, ICI, Alderly Park, Maccelesfield SK10 4TJ,UK. Lecture entitled: 
"Synergistic effects of hormones and fatty acid on peroxisomal B-exydation, enzyme 
activities and mRNA levels". 



8. 



January 1991: Invited to a Protein Engineering Meeting by Professor Ian Campbell, 
Biochemistry Department, Oxford University, Oxford, UK. Lecture entitled: "Cloning 
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and expression of human parathyroid hormone in microorganisms". 

9. Invited by Professors T.T. Chen, D.A. Powers, B. Cavari, Maryland Biotechnology 
Institute, Baltimore, MD, to held a symposium lecture at the 2nd International Marine 
Biotechnology Conference, October 13*16, 1991, Baltimore, Maryland, USA. (Could 
not attend). 

10. May 1991 : Invited by Professor Jan Carlstedt-Duke, Karolinska Institutes Huddinge, to 
held a lecture in the seminar series "Novum Lectures in Cellular and Molecular Biol- 
ogy". 

1 1 . January 1992: Invited by Professor Armen H. Tashjian, Department of Molecular and 
Cellular Toxicology, Harvard School of Public Health and Department of Biological 
Chemistry on Molecular Pharmacology, Harvard Medical School, Boston, USA. 
Lecture entitled: "Use of an ti sense RNA in delineation of the mechanism of action of 
G-coupled hormones". 

12. August 1993: Invited by Norwegian Society of Charted Engineers, Hie Blindern 
Conference. Lecture entitled: "Experience from industrializing basal research". 

13. November 1993: Invited by Karolinska sjukhuset, Stockholm, to held a lecture at 
"Graduate course in molecular endocrinology - a problem oriented approach". The 
lecture is entitled: "Region specific actions of parathyroid hormone in target tissues". 

14. February 1994: Invited by GBF, Gesellschaft fur Biotechnologische Forschung mbH, 
Braunschweig. Lecture entitled: "Expression of human parathyroid hormone in 
microorganisms and animal cells with special reference to signal sequence efficacy and 
intracellular modifications". 

15. September 1994: Invited by Professor K. Dharmaiingam, Department of Biotechnology, 
Madurai Kamaraj University, India, to held a lecture in the symposium "Gene 
expression systems", XVIth IUBMB, New Delhi. Lecture entitled: "Expression of 
human parathyroid hormone in microorganisms, insect cells, mammalian cells and as a 
milk protein in transgenic mice". 

16. November 1994: Invited by Professor A. Taschjian Jr., Harvard School og Public 
Health, Boston, to held a lecture in a seminar. Lecture entitled: "Certain structural and 
functional characteristics of the human TRH receptor cDNA and mapping of the gene". 

17. February 1 1-13, 1995: Cairns, Australia, Workshop on "Animal Models in the 
Prevention and Treatment of Osteopenia" 

18. February, 1995: InL Meeting of Calcified Tissue Research, Melbourne, Australia. 
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Honorary lecmfM and prizes 

1. In 1984 recipicni of Professor Olav Torgerscn's Prize and Memorial lecture. This prize 
and lecture was created by Professor Torgersen, the Universiiy of Oslo, who was one of 
the founders of the Society for Promotion of Cancer Research in Norway. Because he 
contributed with personal money, the prize and lecture had his name. The title of my 
lecture was: The medullary thyroid carcinoma: a special type of familial and hormone 
producing cancer". 

2. In 1984 1 was given the international science prize called The Nordic Insulin Prize 
instituted by Professor Jacob E. Poulsen, who worked at die University of Copenhagen. 
This prize is given within endocrinology and the candidate is chosen from all the countries 
in Northern Europe. The money was donated by the Insulin Laboratory now the company 
Novo-Nordisk. At thai time, only one Norwegian had previously received this prize. The 
prize was given for my studies regarding how hormones exerted iheir biological actions in 
target cells. 

3. The Gunncrus Prize was given in 1986 by the Royal Society of Norwegian Scientists, 
This is a prize which is given to a scientist selected by this society for scientific merits 
obtained and again it was within the field of hormone structure and action. 

4. In 1 987 T received a prize within biotechnology created by the Research Park at the 
University of Oslo, which at that lime was called the Innovation Centre, University of 
Oslo. 

5. Novum Lectures in Cellular and Molecular Biology, which was associated with a scientific 
prize. Invited by Professor Jan-Akc Gustafsson at Novum, Huddinge, The Karolinska 
Institute, Sweden, in 1991. This was given based on my research with human parathyroid 
hormone in relation to its first cloning, expression and studies of actions. 

6. Lectures at Harvard School of Public Health in Cellular and Molecular Biology in 1995, 
regarding cloning of hormone genes and their characterizations. Invited by Professor A-H. 
Tashjian Jr. at the Department of Molecular and Cellular Toxicology, Harvard School of 
Public Health and Department of Biological Chemistry and Molecular Pharmacology, 
Harvard Medical School, Boston, USA. 



Referee activity 

1 am or have been working as referee for the following international journals: 

Endocrinology 
J. ExpL Cell Res. 
Acta Physiol. Scand. (Kbh.) 

Eur. J. Endocrinol. (Acta Endocrinol. Scand. (Kbh.) 

Eur. J. Clin. Invest. 

Hormone Research 

Acta Obstet. Gynecol. Scand. 

Journal of Endocrinological Investigation 

Eur. J. Biochem. 

Experimental Cell Research 

Scand. J. Gastroenterol. 
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Guidance for the academic doctor rigyrep. 

1. Veterinary, dr. lie. Richard Tollman: "Parturition hypocalcemia in cows". 1976. 
Oslo. 

2. Dr.med. Trine Normann: "Medullary carcinoma of the thyroid. A morphological, 
clinical and experimental study". 1977. Oslo. 

3. Dr.med. £gil Haug: "Prolactin and growth hormone secretion by rat pituitary cells in 
culture. Hormonal control and mechanism of action". 1978. Oslo. 

4. Dr.med. Bjam Klevmark: "Motility of the urinary bladder in cats during filling at 
physiological rates." Oslo. 1978. 

5. Dr.odont. Torill Berg 0rstavilc "Glandular kallikreins. Origin and secretion in some 
exocrine organs of the rat". 1978. Oslo. 

6. Dr.med. Arne Ekeland: "The role of calcitonin in fracture healing". 1981. Oslo. 

7. Dr.philos. Kjcrsti Sletholt: "Calmodulin from rat anterior pituitary tumour cells and its 
biological significance". 1988. Oslo. % 

8* Dr.med. Trine Bjoto: "Regulation of prolactin secretion by hypothalamic hormone with 
special emphasize on vasoactive intestinal polypeptide (VIP)". 1988. Oslo. 

9. Dr.scient. 0yvind Andersen: "Purification and characterization of salmonid prolactin". 
1989. Oslo. 

10. Dr.scient. Marianne Wright: "Biochemical studies of the pituitary receptor for thyro- 
thropin-releasing hormone. Cell surface receptor protein characterization, receptor 
mRNA isolation and cDNA library generation and screening", 1 991 . Oslo. 

Dr.phil. Vcndcla Parrow: Signal transduction and gene regulation in cultured endocrine 
cells. 1991. Oslo. 

1 1 . Dr.med. Eyvind J. Paulssen: "G protein-coupled transmembrane signalling in prolactin- 
producing rat pituitary tumour cells". 1992. Oslo. 

12. Dr.philos. Ruth H. Paulssen: "G protein-coupled transmembrane signalling in prolactin- 
producing rat pituitary tumour cells". 1992. Oslo. 

13. Dr.scient Hilde Nebb Serensen: "Actions of hormones and fatty acids on peroxisomal 
B-oxidation enzyme activities and gene transcription. " (Disputation 1993). 

14. Dr.philos. Najma Kareem: "The use of protein engineering to study hormone processing 
and secretion in different host cell systems". (Disputation 1994). 

15. Dr.philos. Ole Kristoffer Olstad: "Expression, purification and characterization of 
recombinant parathyroid hormone like peptides". (Disputation 1995). 

16. Dr.med. Berit Mortensen: "The influence of vit. D 3 on bone remodelling: In vitro and 
in vivo studies of bone turnover in the normal and uxaemic conditions" . (Disputation 
1995). 

17. Dr.philos. Venke Skibeli: "Structural and functional aspects of Atlantic salmon growth 
hormone and prolactin". (Disputation 1996). 

1 8. Dr.med. Erik Rokkones: "Expression of heterologous peptide hormone genes in 
cultured cells and in animals". (Disputation 1996). 

19. Dr.philos. Sjur Reppe: "Secretion of heterologous proteins from the yeast 
Saccharomyces cerevisiae". (Disputation 1996). 
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Supervision of postgraduate candidates, thesis wnrW- 

I. Cand.pharm. Per Wiik Johansen: "Regulation of prolactin and growth hormone 
secretion and synthesis by bromocriptine in rat anterior pituitary tumour cells". 
(Disputation 1996). 

II. Cand.scient. Vilborg Matre: "Cloning and expresjon of membrane receptors for 
hypothalamic hormones in exitable cells". 

III. Cand.scient Hilde Herman sen Steincgen "Studies of regulatory gene-elements and 
transcription factores that mediate peroxisomal inducton and proliferation". 

IV. Cand.scient. Ole Petter Leseth: "Studies on hormonel bone remodulation in tissues and 
in animals". 

V. Cand.scient. Per Ivar Hovring: "Structure analysis and functional studies of cloned 
thyroliberin receptor and receptor isotypes". 

VI. Siv.ing. Edith Rian: "Expression of parathormone-like peptides in tumour cells". 

Supervision of students' main deffrggg 

1 . Cand.pharm, Ase Anlie: "The effect of somatostatin on cultures of growth hormone and 
prolactin producing cells." University of Oslo. 1979. 

2. Cand.pharm. Per WiiV inHflnftpn- "The effects of bromocriptin on prolactin and growth 
hormone producing rat pituitary gland cells in culture, " University of Oslo. 1981 . 

3. Cand.pharm. Nina Lillegraven: "The significance of extracellular ion influence on the 
binding of thyroliberin to rat pituitary gland cells in culture. n University of Oslo. 
1982. 

4. Stud.med. Evvind J. Pauksen- "The effect of TRH and oestradiol on prolactin-synthesis 
in rat pituitary cells in culture." University of Oslo. 1983. 

5. Cand.pharm. Kan Fnm and cand.pharm. Kirsten Kilvilc ; "The uptake mechanism for 
oestradiol in rat pituitary cells in culture. " University of Oslo. 1 984. 

6. Cand.pharm. Berit Taranrwd Jnhansen- "Cloning of mRN A for rat prolactin". U 
niversity of Oslo. 1986. 

7. Cand. scient. Marianne Wright; "Characterization of surface proteins of GH-cells with 
special reference to the TRH receptor". University of Oslo. 1987. 

8. Cand.scient. Jenny Owe: "Binding and degradation of thyrotropin releasing hormone in 
hormone producing rat at pituitary cells in culture". University of Oslo. 1988. 

9. Cand. real. Grete Sgnifis: "Effects of vitamin D on ^Ca 2 * efflux and prolactin produc- 
tion". University of Oslo, 1988. 

10. Cand.pharm. Siv Frrikften: "Development of an in solution mRNA hybridization test 
using antisense mRNA probes for prolactin". University of Oslo. 1988. 

1 1 . Cand.real. Tom Skvrad: "Effects of human growth hormone and IGF-I on growth and 
clinical chemical plasma parameters". University of Oslo. 1988. 

12. Cand.pharm. Laila Norrheim: "The inductive effect of tetradecyl-thio-acetic acid on 
peroxisomal fi-oxidation in 7800 CI Morris hepatoma cells is stimulated by dexame- 
thasone and inhibited by insulin". University of Oslo. 1988. 

13. DipLing. Kristin Anstlid Taak^n! Transfeksjonsstudier i Karpe- og rotte hypofyseceller. 
University of Trondheim (NTH)/University of Oslo. 1988 

14. Cand.real. Hilde Nebb Sgrensen: "The mechanism of 3 H-Dexamethasoneuptake into 



Curriculum vitae - K.M. Gautvik 



8 



7800C, hepatoma cells in culture". University of Oslo. 1989. 

15. Stud.real. Najma KflTffCm: "Secretion and processing of recombinant hPTH in E.coli. 
Significance of preprosequences". University of Oslo. 1989. 

16. Stud.ing. Edith Rian : "Expression of parathonnone-like peptides in tumour cells. 

17. Cand.scient. Even Snlljg: "Stability of peroxisomal B-oxidation enzyme activity and 
mRNA levels". University of Oslo. 1993. 

1 8. Stud.scicnt Ase-Karing Fifrlhrim: Cloning and characterization of the human thyrotropin 
releasing hormone. (1996). 

Guest research wnrte>r< fmm ahmarf 

In my group we have had research visitors for periods of one to three years from Polen, 
Bulgaria, Sweden, Tyskland, Denmark, Iceland, India, Israel and USA. 



Member Of COinitteeS fPT the academic doctor decree in Nnn^v a »H a h^ ri 

1 . Opponent at dr.med. Bjam Biber's disputation at Physiological Institute, The University 
of Gothenburg, Sweden. The work represented gastrointestinal physiology. 1974. 

2. First opponent at dr.med. vet. Knut Hove's disputation. The work represented the effect 
of insulin on the intermediate metabolism in ruminants and mammary gland physiology 
University of Tromso, Norway, 1978. 

3. First opponent at siv.ing. Kirsten Sandvig's disputation on the work: "Interaction of the 
toxic lectins abrin, ricin, and modeccin with mammalian cells". The work includes 
biochemical examinations on absorb tion and effect of toxic lectins in cell cultures. 
University of Oslo, Norway, 1979. 

4. Opponent at cand.real. Anne Sundby's disputation on the work: "Plasma testosterone in 
young bulls in relation to age, gonadotropin stimulation and rate of weight gain and 
some studies on testicular gonadotropin receptors". University of Oslo, Norway, 1982. 

5. Opponent at siv.ing. Anders Sundan's disputation on the work: "Studies on the entry of 
modeccin, diphtheria toxin, ricin, and pseudomonas toxin into mammalian cells*. 
University of Oslo, Norway, 1985. 

6. Opponent at dr.med. Svein Dueland's disputation on the work: "Absorption and 
transport of vitamin D, and 25-hydroxy-vitamin D, in the rat". University of Oslo 
Norway, 1986. 

7. Opponent at dr.philos. Dagny Sandnes's disputation on the work: "Beta-adrenoceptors 
on rat hepatocytes and human mononuclear leucocytes, with special reference to 
quantitation and regulation". University of Oslo, Norway, 1988. 

J. Opponent at dr.med. 0yvind Sverre Bruland's disputation on the work: "Preparation 
and properties of two novel highly specific antisarcoma monoclonal antibodies and their 
application in the characterization and diagnosis of human sarcomas". University of 
Oslo, Norway, 1989 

>. Opponent at dr.med. Pil Wiik's disputation on the work: "Vasoactive intestinal peptide 
as a modulator in the neuro-immune axis; the influence of stress". Norwegian Defence 
Research Establishment, Norway, 1989. 
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Opponent at dr.med. Eystein S. Husebye's disputation on the work: 'Stimulus-secretion 
coupling in chromaffin cells of the bovine adrenal medulla. With special reference to 
the role of phospholipid metabolism". University of Bergen, Norway 1990 
Opponent at dr.scient. Hooshang Lahooti's disputation of the* work "The estradiol 
receptor and the 90 kDa heat shock protein. Phosphorylation of the receptor and the 
heat shock protein, and studies on regulation of the estradiol receptor mRNA" Uni- 
versity of Bergen, Norway, 1991. 

12. Leading the disputation of Hilde Nebb Sorensen on the work: -Hormonal modulations 
of ratty acid stimulated peroxisomal A-oxidanon in cultured liver cells." University of 
Oslo, Norway, 1993. 3 

13. Opponent at dr.odont Janicke Liaaen Jensen 1 s disputation on the work- "Human saliva: 
Biochemical and physiological aspects of some components", Faculty of Density 
University of Oslo, Norway, 1994. 



Member of advisory inrnrnarionaVnarinnal rnmmirri« far ^luarinn nf p^ fe ,^ position 

1. Professor Ingrid U. Richardson, Harvard University, Boston, USA. 1974. 

2. Professor Thomas FJ. Martin, University of Wisconsin, USA. 1984. 

3. Professor Margaret A. Brostrom, University of Medicine and Dentistry of New Jersey, 

USA. 1 9$4, 

Position as full Professor at the Institute of Physiolology, University of Gothenbure 
Sweden. 1987. *' 

Professor I at the Department of Clinical Chemistry, University of Tromse, Norway, 

6. Participation in an international board created by Sandoz, Basel, Switzerland for 
nominating a candicate for the Sandoz International Endocrinological Prize in 1988 
m»D SS ° r m Vcterinai y m «iicme, Norwegian Veterinary University, Oslo, Norway, 

8. Position as Professor in Physiological Chemistry, University of Kuopio, Finland 1 989 

9. Posmon as Professor I in Endocrinology at the University of Gothenburg, Sweden, 
1991. ' 

10 *993° n aS AsSOCiate Professor 1 in Endocrinology, University of Gothenburg, Sweden, 

11. Position as Associate Professor I in Biochemistry, University of Bergen, Norway 1993 

12. Appointed member of committy to evaluate chair Professorship at Karolinska Institution 
Dept. of Endocrinology, Sweden (I had to decline because of sabattical year). 



Honorary Srv»i^j n 

Member of the Norwegian National Academy of Science and Letters 
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Norwegian Society of Biochemistry 

Norwegian Society of Physiology 

Norwegian Society of Endocrinology 

Endocrine Society (USA) 

Society for Calcified tissue (USA) 

Society for Bone and Mineral Metabolism (USA) 



Medical clinical «p*-jaf jfcft 

1 . Clinical Physiology and Chemistry including Nuclear Medicine 

2. Work Medicine 



Medical Faculty Responrihiliri,.* 



1. An elected member of the Medical Faculty 1987-1990. 

2. A member of the Reesearch Council at the Medical Faculty 1 987-1990. 

3. Chairman of Postgraduate Courses for Ph.D. and Dr.med. students at the 
Medical Faculty 1986-1991. 

4. Member of the Institute Group Committee for the Preclinical Sciences from 1 989 
and present. 



5. 



Member of the Medical Faculty's councel for evaluation of postgraduate 
applications from 1989-1993. 



Research Council ^ffspmifrilTilirin 

1. Chairman for the Biotechnology Committee as a representative for Norwegian 
Research Council in an inter research council body, 1986-1989 

2 " ^Tw^ ° fThe Nonvegiai1 Research Council for Science and the Humanities 
(NAVF) Committee for Physiology and Pharmacology, 1986-1989. 

3. Development and function as responsible leader of the nationwide core facility 
for peptide synthesis, 1 988-1991 . * 

4. Member of the International Scientific Board of Novo-Nordisk Research 
Committee. 

5. Member of the CIBA Foundation Scientific Advisory Panel from 1995 elected as 
representative from Norway. 

PatwtiK 

General infatuation 

Two U.S. patents, U.S. Patent No. 5.010 010 and No. 5.420.242 are held with 
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international extensions in Europe, Japan, Canada, and Australia. In addition, three 
Divitional Applications are submitted to the U.S. Patent Office and elsewhere. 

All of Gautvik et al. ( s patents and patent applications in the different countries are 
covering specific methods related to the production, purification and characterization of 
PTH in microorganisms. 
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A BRIEF DESCRIPTION OF THE MAIN RE SEARCH PROTFCTS 
GIVEN IN HISTORIC! AT „ ORnFR. 

I. THE BIOCHFMTC A T , AND PHYSIO! /1 G1CAL STUniFS RFT.ATFn to 
PLASMA K1N1NS AND KAT JTCTFTV^ 

II. MOLECULAR ENDOCRINOLOflff! AT . BRSRABrw 

A. REGULATION OF HORMONE SECRETION AND SYNTHESIS 

B. RECEPTOR FUNCTION AND CI ONINC. O F NEUROENDOCRINE 
HORMONE RECEPTOR S 

C. STUDIES OF HYPOTHALAMIC SPPTTFTP mRNAs ORTATNFD BY A 
NOVEL SENSITIVE SUBTRACTION HYBRIDIZAT ION PROfTRDTTRF. 

ill. endocrinological research related to h vperfunction of 

THE PARATHYROID GLAND AND RESEARCH IN REl ATTON to 
MEDULLAR Y CARCINOMA OF THE THYROID GLAND 

A. CLONING AND EXPRESSION OF PARATHVRQTD HORMONE AND 
RELATED PEPTIDES IN MICROPRO A NTSMS. MAMMTT JAN PFI.TS 
AND TRANSGENIC? ANTMAT* 

B. PARATHYROID HORMONE RELATED PEPTIDE AND MAT .TONENT 
HUMORAL HYPERCAT.CAF.MTA 

C. ISOLATION AND (THAR A CTF.RTZATTON OF mRNAs SPECIFIC FOR 
THE OSTEOSARCOMA PHFNOTVPP ORTAT NED BY SUBTRACTION 
HYBRIDIZATION 

D. ISOLATION AND CHARACTERIZATIO N OF mRNA* SPECIFIC FOR 
PARATHYROID HORMONE GENE ACTIVATION IN RONE PPT T g 

IV. MOLECULAR ENDOCRTNOTiTGY STITHIES IK TTfCTT 

A. STUDIES OF GENE FYPRESSION TN T RANSOENTP FTSH 



B. ISOLATION. PURIFICATION. AND CHARACTERIZATION OF S 
ALMON PROLACTIN AND OROWTH HORMONE 
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I. THE BIQCHEMTC AT , ANT) PHYSiOLOa rCAT STrmnrs RFT.ATrn m 
PI /ASM A KTNINS A VP KAIJTKttFTOK 

Plasma kinins are biologically very active polypeptides that are distributed throughout the 
body and become accepted to be of importance for regulation of blood flow in certain 
organs. Kinin forming enzymes (kallikxeins) and kinin inactivating enzymes (peptidases, 
"converting enzyme") have received new attention the last years due to their possible 
involvement in hypertension. My thesis from April 1970 dealt with certain physiologi- 
cal/biochemical aspects in relation to blood flow regulation i^Ming purification of 
substrates for kallikreins and their characterization in vitro. These components were used 
for studying their physiological interaction during perfusions of the salivary gland activated 
via nerve stimulation. By using purified substrates and their enzymes, a direct functional 
involvement of plasma kinins in functional vasodilatation could be demonstrated in vivo for 
the first time. Its title was "Studies on vasodilator mechanisms in the gnhmnnHih^iar 
salivary gland in cats" (O. A.: 7). 

Relevant references: R/C, 3,6,7,8,11,12,13; O.A, 1-6,8,9,11,16,19,23,39,43,50, 
55,56. 



II. MOLECULAR ENDOCRTNQTXH^TCAT, BFSF APrH 



A. REGULATION OF HORMONE SErttFTTO N AND SVINrmrgTS 

A major part of my research engagement has been carried out using functional cell cultures 
and transplantable tumors from highly differentiated cells that are able to perform organ 
specific functions. The following areas have been actively persued since 1971 : 



i. The bmlPffical effects and mechanism of actions of the hypothala m ic hormones 
thyroliberin, dopamine, somatostatin and vasoactive intestinal nnlvr^priH e j n nrnlagtin and 
growth hormone producing rat nimitarv cells 

These hypothalamic hormones are of central importance in regulation of release of 
prolactin and growth hormone from the anterior pituitary gland. The results which we 
have obtained with the cultured rat pituitary cells, have all been confirmed in more 
physiological endocrine model systems and. thus appear to be valid for interpretation of how 
these regulatory hormones influence the functions of the anterior pituitary gland. I have 
carried out characterization of receptor binding of thyroliberin and been a senior researcher 
to originate research regarding receptor characterization for dopamine, somatostatin and 
vasointestinal polypeptide. In addition, I have steadily persued studies to elucidate and 
delineate the mechanisms of action for these peptide hormones. We have characterized the 
second messengers systems involving cyclic nucleotides and calcium, as well as described 
pathways of phospholipasc C activation with formation of inositol triphosphates and 
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diacylglycerol. I have been one of the first in this research area to show the involvement 
of cyclic nucleotides and calcium in the action of thyroliberin, dopamine, somatostatin and 
vasoactive intestinal polypeptide. How these second messengers were generated and their 
interaction, were first described in an invited review article for the Benzon Symposium 
Copenhagen, 1988. (K.M. Gautvik et al., Regulation of prolactin secretion and synthesis 
by peptide hormones in cultured rat pituitary cells, Alfred Benzon Symposium 25, 
Copenhagen, 1988) and as an invited lecture at the 2nd European Congress in Ljubljana, 



The ongoing research has concentrated on the involvement of OTP binding proteins in the 
receptor coupling of these hormonal signals as well as the characterization of the receptor 
itself. Thus we have identified and studied the functional coupling between these receptors 
and the G protein subunits in pituitary cells. Furthermore, these studies are now completed 
with a description of the adenylyl cyclase subclasses in the same cell-types and their 
engagement by the different hormone-receptor G protein subunits. These studies have 
involved measurements of specific mRNAs, the corresponding proteins and their regulation 
by the hypothalamic hormones as well as antisense RNA experiments testing the direct 
physiological involvement of protein in the action mechanism of e.g. thyroliberin. 



") The biolOfricaJ effects and mechanisms of action o f steroid hormone foftstradinl 
progesterone, testosterone cortisone and vitamin ry a^mined in prol a ctin and growth 
hormone producing cells in culture 

Through the years 1973-1983, 1 was engaged in studying the effects of the above men- 
tioned steroid hormones and characterization of their distinct receptors in prolactin and 
growth hormone producing cells in culture. We showed e.g. for the first time the existence 
of testosterone and vitamin D, receptors in adenopituitary cells. The biological effects of 
these hormones and how they regulate prolactin and growth hormone synthesis, were also 
examined in detail. How the steroid and polypeptide hormones regulated hormone receptor 
levels was studied during different conditions with the aim to understand their physiological 
interplay. 



Regulation of rat prolactin and f tro wfr hnrmon*. p«n» e xpression in functional 

pituitary cells. 

Many of the hormones which affects prolactin and growth hormone secretion are also able 
to change the rate of synthesis for these hormones. In the same decade, we developed 
immunopresipitation methods for the radioactively labelled hormones, and improved the 
sensitivity of hormone measurements to the level of single cells. This was shown using 
capillary tube gel electrophoresis of immunoprecipitated hormones and the results 
confirmed by concommitant immunocytochemistry. By using a combination of protein 
analysis and RNA blotting methods, we could show that prolactin synthesis was stimulated 
mostly by thyroliberin and oestrodiol while an inhibitory effect was found by dopamine and 
cortisone. The most efficient inducer of growth hormone synthesis was cortisone, and its 
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synthesis was also inhibited by dopamine. 

Relevant references: O.A.: 12-14,22,24,25.27,31-34,36-38,42,44,48,49,51,57-59.62,66 
67,69.71-73,76,77,80,81,83-85,87,91,92,96-105.107,109,110,112,114,115,122,132 * 
133,134; R/C: 17.19,21,22,23,26,28-30.34. 



B. receptor FTTMrmnN and cummi n of NFirenFMnorgrMF 

HORMONF gPrFPTYWC 

In this respect, we have isolated and cloned cDNA for the receptor for thyroliberin in rats 
and m humans, the latter result as the first original description in the literature. Prior to 
this work we characterized and visualired this receptor both by photo affinity labelling 
using the radioactive hormone as well as using a polyclonal antiserum made by us and 
raised against cell surface ideotypes. We cloned the rat and human receptor after making a 
mRNA based PCR product and a cDNA which was then used as probe for screening 
libriaries. 



The human thyroliberin receptor, shows several interesting features when the aminoacid 
sequences are compared in rat and human. The differences have probably direct bearing 
the functional activity of the receptors in relation to G protein coupling pattern as well as 
signal effector activation, which we in the rat have described in detail. 

Relevant reference: O.A. 115,130,157. 



C. STUDIES OF HYPOTHALAMIC SPECIFIC raRNAs OBTAINED BY A NOVEL 
SENSITIVE SUBTRACTION HYBRIDIZATION PROCEDURE 

The hypothalamus consists of discrete nuclei which paly a vital role in several biological 
functions that are essential to mammals and related to different homeostatic mechanisms, 
reproduction, behavior, emotion and responses to various stress. The hypothalamic nuclei 
in part, integrate many autonomic regulatory systems whose final path is expressed by 
neuroendocrine cells. Thus, they represent "high command centers" within the endocrine 
system and enable the central nervous system to initiate, adjust and balance intricate and 
complex endocrinological reflexes. This part of hypothalamic function is exerted by 
synthesis and release into the pituitary portal system of a number of substances, mainly of 
peptide and amine nature. These substances control the anterior pituitary gi™rf function. 
In addition, hypothalamus is the site of production of two hormones, oxytocin and 
vasopressin, which are transported by axon flow into the posterior pituitary from which 
they are released into the general circulation affecting salt/water balance and being of 
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importance for parturition and breast feeding. Furthermore, the hypothalamus is a center 
for social and sexual biological behaviors and mediates feeding and drinking habits. The 
importance of hypothalamic functions in the field of calorie balance may be exemplified bv 
the recent discovery by Zhang et al. (Nature, 372, 1994) who describe the first cloning of 
the so called mouse "obese" gene and its human analog, where the receptor for this 
hormone by all criteria has to be localized in a hypothalamic nucleus. Since the first 
objective of this research has been obtained, namely to generate a subtracted hypothalamic 
specific cDNA library of high quality, we will expect to find this receptor among the 10 5 
independent clones present in the library, as well as clones of mRNA encoding a large 
number of other novel proteins, 

The subtraction library shows inserts with sizes estimated on agarose gel electrophoresis 
between 0.4 and 1.2 kb (mean > 0.7 kb), a result which was very satisfactory. 

The quality of the library is further assessed by the extent to which clones of certain 
mRNAs known to be present in hypothalamus had been amplified during subtraction, and 
to what extent clones of mRNAs which are ubiquitously present in the central nervous 
system had been removed. Vasopressin which is exclusively present in hypothalamus is 
enriched 20-30 times in the subtracted library compared to the hypothalamus cDNA 
library, and the commonly present NSE and cyclophilin is completely removed after 
subtraction. 215 clones from the subtracted library have been picked into grids and 
hybridized with probes prepared by PCR amplification of the inserts from the driver, target 
and subtracted libraries. Approximately 1/4 of the clones give substantially greater signals 
with the subtracted target probe than the unsubtracted target probes and faint or 
undetectable signals with the driver probe. If validated, these figures suggest that roughly 
1 % of the hypothalamus mRNA mass is enriched in that structure (corresponding to an 
estimated 300 different gene species, given that 30,000 species are expressed in the brain). 

Conclusion : The results so far from our learning and usage of a powerful and highly 
sensitive novel sub tractive nucleic acid hybridization method are summarized. The 
generated hypothalamic subtraction library appears to give a specific and comprehensive 
representation of mRNAs that are not present in other brain areas as hippocampus and 
cerebellum. One article on the general aspects of hypothalamic enriched/specific mRNAs 
is in preparation. Another article is describing a novel somatostatin-Iike peptide, called 
corristatin. This article is in press 1996 in Nature. 



HYEERFUNCTTOIV OF TRF PAP a Tirvpom nTAwn a NP 
RESEARCH IN RFIATTON to lvnrmrP APV r ap cinoma of 
THETHVwomr.iAiwn 1,f "" trnrmn ^ r 

This research started out in the early 70'ies as a result of ray development of two radio- 
immunoassays for parathyroid hormone and calcitonin, methods which at that time did not 
exist in Norway. Since 1973, I have thus carried out clinical laboratory diagnostic activity 
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for the whole country, and also received samples from other Scandinavian countries as well 
as England. Jn different collaborative studies, we used these assays in basal and clinical 
endocrinological research related to how these hormones were regulated by calcium both in 
vitro and in vivo. In addition, biochemical work was carried out in order to characterize 
different intracellular hormone-forms retrieved from tumor cells producing these peptides. 

The hyperfunctiffn of rhn mmfhymiri ylanrh occurs in relation to development of adenomas 
and/or hyperplasia. The cause(s) of primary hyperparathyroidism is (are) unknown, while 
secondary hyperparathyroidism occurs as a result of chronically lowered serum Ca 2 *" (e.g. 
in chronic renal failure). The question about how low concentration of serum Ca 2+ may 
induce not only increased hormone secretion and synthesis, but also trigger DNA 
replication and cell proliferation, is mtriguing, but still unknown. We have studied patients 
with secondary hyperparathyroidism during various experimental conditions to address 
these questions. From human adenomas we isolated poly(A) + RNA for cloning of 
parathyroid hormone (PTH) in 1983. 

Medullary carcinoma of the thvmid gland fvrr-n occurs as an inherited and spontaneous 
malignant disease. As the first to introduce diagnostic tool to discover this calcitonin 
producing tumor in Norway, we have mapped the extent of the disease in our country. 

Relevant references: O.A.: 28-30,40,41,52-54,61,65,68.70,74,78,79,82,86, 
90,94,108, 117; R/C: 5,15.16. 



A - CLONING AND FYPRFSStON Qp PAR ATTT VRQTD WQPVfnMF AVm 
RELATF-D PFPTTDFS TV MTrPnOP GANTSMS MAMVTTT.TAM PPT T C 
AND TRANSflBWIT AMTMAT* 

This project started in 1983 and developed into a major research engagement where we 
have succeeded as the first in the world, to clone and express this hormone in 100 mg 
quantities both as a product in E.coli as well as in Saccharomyces cerevisia. We have also 
successfully transfected m a mm al i a n cell cultures, insect cells and transgenic animals, 
silkworm larvae and mice, and obtained expression of this hormone. We have also ' 
expressed mutated forms in yeast and studied the intact hormone and fragments in insect 
cells and Bombyx mori larvae with the aim to understand cellular processing trafickinE 
and secretion. 

In the first part of the work we cloned the cDNA for human parathyroid hormone using 
conventional cloning techniques and expressed the peptide as met-gly product in E.coli 
This peptide analogue was not biological active. In a search for peptides with antagonistic 
action, we found that gly PTH (1-84) was an interesting form having binding properties 
and inhibited the agonist by 40 per cent at 10*M. In clinical medicine an effective PTH 
antagonist will be of potential use both as a diagnosticum and in treatment of 
bypercalcaemia. 
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For expression in S.cercvisiae recloning of the cDNA was carried out using a fusion 
construction with the prepro region of the yeast mating factor a gene. We were able to 
obtain an effective and correct N-terminal processing and isolated human PTH as a 
secretory product in a yield (up to 10 mg/1). We also developed a down-stream technology 
for purifying the hormone which was shown to be identical to the authenthic peptide 
hormone by a variety of chemical, biochemical and biological test systems. 

In order to obtain a higher yield of human parathyroid hormone, we in vitro mutagenized a 
proteolytic cleavage site internal to the peptide, and obtained a full-length agonist (84 
amino acids) which after purification was shown to have the same biological activity as the 
authentic hormone. 

A part of this work has been concentrated on to find optimal signal sequences both for 
expression in E.coli as well as in yeast, where we by using different amino acid substitu- 
tion in new gene constructs, have developed an effective test system for looking at N- 
terminal processing. This is obtained by making a fusion gene between the N-terminal 
region of the PTH gene and the protein A gene which in E.coli is transcribed using the 
protein A promoter and transcription stop signals. 

We have also made constructs for use in mammalian cells where we employ the Whey 
Acidic Protein (WAP) promoter region in order to express PTH in mammalian cells of 
mouse origin. We have recently in addition generated transgenic mice who express PTH as 
a secretory product in milk. 

Relevant references: O.A.: 124,128,129,133,139,140,144,145,161,162,163,166, 
167,168; R/C: 31,32,35. 



B. PAR ATffYROm HOR MOMF PPT ATFn P EPTIDE AND MALIGNENT 
HUMORAT, HYPERCALCEMIA 

Parathyroid hormone related peptide has been isolated as the causative agent during 
conditions of malignant humoral hypercalcaemia. This condition occurs in the presence of 
several malignent diseases such as cancers, carcinomas as well as myelomatosis where the 
tumour cells are able to produce a parathyroid hormone related peptide. We have received 
cDNA clones and recloncd it in yeast for production of the protein to be used in receptor 
binding- and activation-studies. We are also studying the expression of this gene in animal 
and human tumour cells, with the purpose to learn gene specific splicing. 
Relevant references: O. A.: 151; 160, Jemtland et aL, Rian et al. submitted; R/C: 36. 



C. ISOLATION AND CHARACTERIZATION OP mRNA« SP ECIFIC FOR 
THE OSTEOSARCOMA PHBMOTYPE OBTAI NED BY SUBTRACTION 
HYBRID? Z A TTOTSJ 



By u sing the same novel subtractive hybridization procedure as employed and described in 
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Chapter n,C, we have generated a subtracted cDNA library using the osteosarcoma 
phenotype cDNA library as made from three different human osteosarcoma cells from 
which is subtracted the cDNA library obtained from normal human osteoblasts. The 
subtraction is performed by using cDNA from osteosarcoma cells minus RNA transcribed 
from the corresponding cDNA library of the normal osteoblast These are experiments in 
progress and we are about to describe individual cones obtained from a subtracted library 
of about 400.000 independent colonies. The aim of this study is to identify those mRNAs 
which are overexpressed or lacking in the osteosarcoma phenotype and compile these 
results in order to have a greater understanding regarding how a normal cell is transformed 
into this tumortype. 



D " ISOLATION AND CHAR A r*TF.gT7 AXIOM OB mRNAs SPBfTPTP TTOR 
PARATHYROID HORMONE PPNB ACTTVATT ON TK ROMP rPT T q 



Parathyroid hormone is the most important physiological regulator of bone formation. This 
hormone therefore is assumed to represent an important drug in the prevention and 
especially treatment of postmenopausal osteoporosis. However, as a succession of our 
previous work regarding the studies of this hormone, we have continued to search for a 
complete overview of all gene products that parathyroid hormone is stimulating in bone 
cells in order to isolate the mRNAs and corresponding proteins which may be of sentral 
importance for the development of osteoporosis - or which may be called "the genes for 
osteoporosis". Again by using the same molecular substraction method as described in 
Chapter II, C, we use this time parathyroid stimulated normal bone cells cDNA library 
minus RNA transcribed from generated libraries of normal bone cells. This work is in its 
initial phases. 



IV. MOLF,CTTT,AR ENDOfHTNOT -OflV STTTnTP* iv ^ftff 



A. STUDIES OF OENE EXPRESSION TN TR AN SOFMTC ptcti 



The endocrinological aspects as it relates to regulation of growth and development of 
fertility, are as important in fish as in mammalian species. In addition, fish is an i 
nteresting model system also for studies within embryology, differentiation, and gene 
regulation. As in mammalian species, growth hormone will regulate growth and prolactin 
will be of importance for normal fertility and adaptation to salt/fresh water conditions. 
Also, in this research area, we have worked partly from the protein side and partly from 
the DNA side. We have as first reports described isolation and purification of prolactin 
and growth hormone from Atlantic salmon, and developed sensitive radioimmunoassays in 
order to follow the hormones in fish as a function of age and also during different 
experimental conditions. 
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The initial DNA work for production of transgenic fish is published and may be summar- 
ized briefly: 

We first developed a new microinjection technique where small amount of foreign DNA 
was injected into fertilized fish eggs and the survival rate was more fh a n 90%. 

As the first model gene we used the human growth hormone gene (kindly given from 
Professor R. Palmiter, USA) where the promoter for the metallothionin gene ensured 
expression in eukaryotic organisms. From mis gene construction, we made cDNA probes 
which specifically hybridized to growth hormone DNA and mRNA. 

The microinjected DNA for human growth hormone gene incorporated in the embryo's 
chromosomal DNA was isolated and demonstrated by Southern blot analysis. It was 
incorporated in the fish genome already after 7 days. 

We also showed that the human growth hormone gene was active based on the occurrence 
of specific mRNA for human growth hormone and production of growth hormone by the 
fish embryo and secretion to the medium. This achievement shows that it is possible to 
develop a rather unique model to study gene expression both under embryonic development 
and in the adult fish (R/C 44; O. A. 119, Skibeli submitted 1996). 

in order to measure expression of Atlantic salmon growth hormone, we have isolated and 
purified this hormone as well as prolactin from the same species. (O.A. 118, 121 135 
138). 



B. ISOLATION. PURIFICATION AND CHAtt A rTERT7ATTnN OT? 
SALMON PROLACTIN AND fiPOW TH HORMONP 



At the time we started out this project, a preliminary sequence of the corresponding 
hormones in the Pacific salmon was known. During this project we were however, able to 
purify and characterize both these hormones from the Atlantic salmon and were the first to 
give the amino acid sequence data on both these hormones. In addition, we used our own 
made prolactin antisera for studying the possible function and involvement of prolactin in 
sex maturation of Atlantic salmon. Growth hormone was further characterized by detailed 
chemical and biochemical analysis including phosphorylation and glycylation patterns, 
development of antisera against fragments of the hormone, and analysing the immunore- 
activity of growth hormone from different salmon species. These reports describes for the 
first time GH species as two gene products in Salmon fish, and they are both glycoproteins, 
and one also phosphoglycoprotein. 



Relevant references: R/C 44; O.A. 118, 119, 135, Skibeli submitted 1996). 
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THE MAIN RESEARCH AfTfVfTlF.S miPi y f; Thf i art 4 yp, A ps a wn 
FTJTITRF. Sf?IENTiF¥f i^fi ^fip^pji^r-. ■ rflft ■ 4 iriAnr) rtlHP 

I. PARATHYROID HORMONE (PTH) AND PARATHYROID HORMONE 
RELATED PROTEIN (PTHrP) 

The aim for this work was to produce: 

i) Recombinant parathyroid hormone for structure activity studies in relation to bone 
cell activation. 

ii) Study intracellular processing and trafficking of these hormones and to compare 
signal sequence efficacy in different host expression systems. 

We were the first in the world to clone and produce full-length human f^K; 1fl T1t 
p a rathyroid hormnnf in mg quantities. For this work we developed gene constructs, vector 
modifications, fermentation technological improvements as well as complete methods for 
down-stream technology. The final product is PTH identical and more than 99% pure and 
has shown full chemical, biochemical and biological identity with the intact hormone. 
These results are written in the following articles that are printed. 

We have also been as indicated by the list of references below, the first in the world to 
express secreted human parathyroid hormone in mammalian cells as well as a secretory 
milk product in transgenic mice. In addition, we have been the first to develop full-length 
PTH polypeptides with agonist and antagonist functions. 

1. Hagset A, Blingsmo OR, Gautvik VT, Sather O, Jacobsen PB, Gordeladze JO 

tv^L'SfSF&K' E ^ sionofhu ^I^%roidhomonemE S chericliiacoli. 

Jno:3U-oO t 1990. 

2. Gabriejsen OS, Reppe S, Sletten K, 0yen TB, Sarther O, Hagset A, Blingsmo OR, 
Gautvik VT, Gordeladze JO, Alestrem P, CWviUfM Expression and secretion of 
human parathyroid hormone m Saccharomyces cerevisiae. Gene, 90(2): 255-262 1990 

3. Hagset A, Blingsmo OR, Sether O, Gautvik VT, Holmgren E, JosephsonS 
Gabnelsen OS, Gordeladze JO, Alestram P, GaurvikKM- Expression and characterization 
of a recombinant human parathyroid hormone secreted by E.coli employing the staphylo- 
coccal protein A promoter and signal sequence. J. Biol. Ghem., 265: 7338-7344, 1990. 

In this regard we have received acceptance for an intemarinnai ^nt m gene con^. 
tions, plasmids, the process and the down-stream technology. 

In the further work we have by using in jdttQ mutagenesis, created full length rarathvmirf 
hormone agonist which has shown to be protease resistant and have interesting biological 
actions regarding mobilization of calcium from bone. 
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Both the intact hormone as well as the agonist will represent important medical drugs for 
use in diagnostics as well as represent a potential drug for treatment of various diseases. 

4. Reppe, S., Olstad, O.K., Blingsmo, O.R., Gautvik, V.T., Sauher, O., Gabrielsen, 
O.S., 0yen, T.B., Gordeladze, J.O., Haflan, A.K., Tubb, R., Morrison, N.. Tashjian, 
A.J. Jr., Alestrom, P., Gautvik K. M. Successful cloning and production of human 
parathyroid hormone (hPTH) in yeast as a secretory product. ECB, 5th European Congress 
on Biotechnology, Copenhagen July 8-14, 1990. (Invited). 

5. Reppe, S., Gabrielsen, O.S., Olstad, O.K., Morrison, N., Ssther, O,, Blingsmo, O.R., 
Gautvik, V.T., Gordeladze, J.O., Haflan, A.K., Voelkel, E.F., 0yen, T.B., Tashjian Jr., 
and Gautvik. K.M. Production of recombinant human parathyroid hormone in yeast 
Synthesis, purification, and biological characterization of a Lys-26-Gln site directed 
mutant. J. BioL Chem., 266: 14198-14201, 1991. 

6. Olstad, O.K., Reppe, S., Gabrielsen, O.S., Hartmanis, M., Blingsmo, O.R., Gautvik, 
V.T., Haflan, A.K., Christensen, T.B., 0yen, T.B., Gautvik IT Vf Isolation and 
characterization of two biologically active O-glycosylated forms of human parathyroid 
hormone produced in Saccharomyces cerevisiae. Identification of New Motif for O- 
glycosylation. Eur. J. Biochem., 205:311-319, 1992. 

7. Forsberg, G., Brobjcx, M., Holmgren, E., Bergdahl, K., Persson, P., Gautvik. K M . 
and Hartmanis, M. Thrombin and H64 A subtilisin cleavage of fusion proteins for 
preparauon of human recombinant parathyroid hormone. J. Protein Chem.. 1991 10(5V 
517-526. ' 

8. Kareem, B.N., Rokkoknes, E., Hagset, A., Holmgren, E., Gautvik. K M . A method 
for the evaluation of the efficiency of signal sequences for secretion and correct N-terminal 
processing of human parathyroid hormone produced in Escherichia colL Analytical 
Biochemistry, 1992, 204: 26-33. 

In our ongoing studies regarding the mapping of functional domains in human parathyroid 
hormone in comparison with the parathyroid hormone-like protein (PTHrP) we have 
expressed the human forms successfully in Saccharomyces cerevisiae and have also cONA 
clones for their receptor as well as permanently transfected mammalian cells which express 
the receptor on the surface. By having access to PTH and PTH analogues as well as 
PTHrP, we are in a good position to map out the binding affinities of different hormonal 
forms as well as their coupling to different cellular ai gn al systems. 

Recently we have expressed the first known full length antagonist for hPTH, a long sought 
for molecule of considerable clinical interest The compound has a binding Kp which is 
2-4 times less than the natural hormone, but shows a more man 100-fold reduced biological 
activity. 

9. Rian, E., Jemtland, R., Olstad, O.K., Gordeladze, J.O., fiautvik v m Expression of 
biologically active human parathyroid hormone-related protein (1-141) in Saccharomyces 
cerevisiae. Eur. J. Biochem. 213: 641-648, 1993) 

10. Rian, E., Jemtland. R., Olstad, O.Kr., Endresen, M.J., Grasser, W.A., Thiede. M.A., 
Hcnriksen, T., Bucht. E.. GautYik. K.M- Parathyroid hormone-related protein is produced by 
cultured endothelial cells; A possible role in angiogenesis. Biochem. Biophys. Res. 



Curriculum vitae - K.M. Cautvik 



23 



Commun.. 1 98(2): 740-747, 1994. 

11. Karccm, N.B., Rokkoncs, E., H0gset, A.. Holmgren, £.. Gantviir K M Translocation 
and processing of various human parathyroid peptides in E.coli arc differentially affected by 
protein A signal sequence mutation. Eur. J. Biochem, 220: 893-900, 1994. 

12. Rokkoncs. E., Kareem, B.N.. Olstad, O.K., Hegsct. A.. Schenstrwn, K.. Hansson, L.. 
GaulYlk. K.M. Expression of human paraihyroid hormone in mammalian cells. Escherichia 
coli and Saccharomyccs ccrevisiae. X Biotcchnol., 33: 293-306, 1994. 

13. Olstad, O.K.. Morrison, N.E., Jemtland, R., Jttppner, H., Segre, G.V., Gautvik TT M 
Differences in binding affinities of human PTHO-84) do not alter biological potency: A 
comparison between chemically synthesized hormone and recombinant forms. Peptides 15: 
1261-1265, 1994. 

14. Rokkones, E.. Fromm. S.H., Karccm. N.B., Olstad. O.K.. H0gset, A., Klungeland, H., 
Iversen, J., Bj0rn. K., Gautvik k m. Human parathyroid hormone as a secretory peptide in 
milk of transgenic mice. Journal of Cellular Biochemistry. 59, 168-176 1995. 

15. Olstad, O.K., Jemtland, R., Loseth, O.P., Bringhursu F.R., Gantvik. K.M . Expression 
and characterization of a recombinant human parathyroid hormone partial agonist with 
antagonistic protperties: Gly-hPTH(-1-+84). Peptides, vol. 16. 1031-1037, 1995. 

16. Mathavan, S., Gautvik. V.T., Rokkoncs, c., Olstad, O.K., Karccm. B.N., Maeda, S., 
Gautvik, K.M. High level production of human parathyroid hormone in Bombyx mori larvae 
and BmN cells using recombinant baculovirus. Gene, vol. 167. 33-39, 1995. 

17. Rian. E., Jemtland, R, L0seth. O.P., Gautvik, K.M. Characterization of mRNA 3-end 
formation in Saccharomyccs cerevisiae detected by the 3 'untranslated regin of human 
PTHrP( 1-141) transcripts. Submitted. 

18. OLstad O.K., Jemtland, R., Bringhursu F.R., Gautvik, K.M. Expression and 
characterization of a partial recombinant human parathyroid hormone antagonist: Gly- 
hPTH(-l-+84). Manuscript. 1996. 
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The various recombinant PTH and PTHrP forms will be studied in their interaction with 
natural receptors of bone cells in culture and also in relation to recombinant receptor 
permanently transfected in mammalian cells. Thg aim of this U ^ understand in more 
d P tfli1 the stmcftim activity rglarinnshtp between the different hormonal farms and their 
ability to act ivate different rellnlar siffnaTliny «ysteim. The ultimate goal will be tO try tD 

understand how the osteoblast is activated by parathyroid hormone in die bone remocelling 
process of importance for the elucidation of the causes and pangenesis of osteoporosis. 



n. NEUROENDOCRINE RECEPTORS AND THEIR FUNCTION 
During our cDNA cloning of G-coupled receptors in rat pituitary cells and in human CNS. 
we have identified four potential candidates for G protein coupled receptors distinct from 
the TRH clone in a human phage library. We were able to isolate and characterize a 
functional human TRH receptor and to present these results as the first original interna- 
tional report. In addition to engaging in characterization of the other receptors, we are at 
present working on the organization and functional aspects of the gene for the human TRH 
receptor. 

The ongoing and future research will concentrate on: 

1 . To map deleted receptor cDNA clones for functional activity using the Xenopus 
laevis oocyte system as a hormone (TRH) specific bioassay. 

2. Generation of transfected cells to map out the hormone-binding receptor region as 
well as dissect which part of the hormone receptor couples to the two previously 
characterized G proteins which mediate signal system activation conveying its 
physiological actions, namely the Gas coupling to the adenylyl cyclase system and 
the Gq/1 1 coupling to the phospholipase C. 

3. Making hybrid receptors between the thyroliberin and the PTHrP/PTH receptor in 
order to analyze further the importance of the different receptor domain for 
conveying signal transduction. 

4. Analyse the 5' -end of a newly isolated genomic clone for the human receptor. 

10. Matre, V. f Karlsen, H.E., Wright, M.S., Lundell, L., Pjeldheim, A.K., Gabrielsen, 
O.S., Larhammar, D., Gautvik, K.M. Molecular cloning of a functional human 
thyrotropin. releasing hormone receptor. Biochem. Biophus. Res. Comm. 195: 179-185, 
1993. 

Two manuscripts in preparation. 
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III. STUDIES OF THE INTERACTION BETWEEN FATTY ACIDS AND 

DEXAMETH ASOME AND INSULIN REGARDING REGULATION OF 
PEROXISOMAL B-OXIDATION ENZYMES. POSSIBLE INVOLVEMENT OF 
THE PEROXISOMAL PROUFERATOR ACTIVATED RECEPTOR (PPAR) 
GENE AND ITS REGULATION 

On a collaborative basis within my institute, 1 have since 1991 engaged in research 
regarding hormonal control of peroxisomal fi-oxidation enzymes triggered by a surprising 
finding that fatty acids and dexamethasome have strong synergistic actions in regulation of 
the transcription of these three enzyme genes. This positive cooperativity was completely 
blocked by insulin in cultured liver cells and also in intact rats. The studies were carried 
out on the RNA, protein and enzyme activity levels and opened a new side of this already 
very much studied area of fatty acid 8 oxidation. The ongoing research in this area will 
continue as a collaborative work between professor Jan-Ake Gustafsson's group at 
Huddingc Hospital and Institute for Medical Biochemistry, where we will concentrate on 
delineating the possible regulatory elements located in a genomic clone of the PPAR from 
rat. 

Relevant O. A. : 120,1 25 J 27, 131 , 147, 1 50. 



IV THE USE OF A NOVEL SENSITIVE MOLECULAR SUBTRACTION 
HYBRIDIZATION METHOD FOR STUDYING DIFFERENTIALLY 
EXPRESSED mRNAs 

Studies of hypothalamic specific mRMAs obtained hv suhtragtinn hybridisation procedure 

Isolation and characterization of mRNAs specific for the osteosarcoma nhenotvpc obtained 
bv subtraction hybridization 

Isolation and characterization of mRNAs psecific for parathyroid hormone gene activation 

in bone ceils 

Conclusion 

This ongoing work has vciy successfully been able to isolate unique hypothalamic specific 
mRNAs among those also a novel somatostatin-like peptide. In addition, this subtracted 
library will probably contain the long sought for receptors which fatty acid or their 
metabolites are acting on, in order to regulate calorie intake and consumption. This 
bridges then the research going on in Chapter m and its work. The unique subtracted 
hypothalamic library can be exemplified with the finding that we also have isolated a novel 
calcium calmodulin kinase whose distribution is unique in CNS and also a transmembrane 
protein of secretory vesicles which has never previously been cloned in mammalian 
species, but has its homology in the electric organ of the electric eel. The characterization 
and studies of full-length cDNA clones from these mRNAs are given highest priority. 
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Already the differentia] display of mRNAs present in human osteosarcoma cells and absent 
in norma] bone cells is very promising and certainly leads to encouraging considerations 
regarding the possibility to obtain osteoporosis specific genes as defined by PTH specific 
mRNAs in normal osteoblasts. 
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OLSTAD. O. K.. N. E. MORRISON. R. JEMTLAND. H. JUPPNER. G. V. SEGRE and K. M. GAUTVIK. Differences in 
binding affinities of human PTH (I -84) do not alter biological potency: A comparison between chemically synthesized hormone, 
natural and mutant forms. PEPTIDES 15(7) 1261-1265. 1994. — The purpose of this study was to evaluate receptor binding 
affinities and biological properties in vitro and in vivo of various recombinant hPTH(l-84) forms representing the natural 
hormone and a mutagenized hPTH form, [Gln 26 ]hPTH( 1-84) (QPTH). after expression in E. coli and Saccharomyces cerevisiae. 
In LLC-PK, cells stably transformed with the rat PTH/PTHrP receptor, chemically synthesized hPTH( 1-84) and QPTH showed . 
a reduced binding affinity (apparent A' d 18 and 23 nAA respectively) than the recombinant. hPTH(l-84) (apparent K d 9.5 nM). 
All recombinant hPTH forms showed a similar potency to stimulate cellular cAMP production (EC» 15 nM) and significantly 
better than chemically synthesized hPTH (EC*) 5.7 nAf). All hormone forms showed an about equi potent activity in causing 
elevation in serum calcium, increased excretion of urine phosphate, and cAMP. Thus, the natural recombinant PTH forms 
showed higher binding affinities and adenylate cyclase activation potencies in LLC-PK! cells, but the reduced receptor binding 
affinity exerted by QPTH did not transcend differences in c AMP generation and in vivo biological activities. 

Recombinant parathyroid hormones Recombinant PTH/PTHrP receptor cAMP response Rats 
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PARATHYROID hormone is the principle regulator of calcium 
homeostasis in humans and has been advanced as an anabolic 
drug against postmenopausal osteoporosis (22.25). The hormone, 
which is produced in the mammalian parathyroid glands, is syn- 
thesized as an 115 amino acid precursor that is processed to the 
mature hormone of 84 amino acids (21). The information re- 
quired for high-affinity binding of PTH to its receptor in bone 
and kidney cells is contained within the biologically active 1- 
34 region (20). The ami no-term in us of PTH is essential for trig- 
gering the adenylate cyclase response pathway (8.26). but it also 
contributes modestly to receptor binding affinity. In addition to 
a nearly complete loss of cAMP agonism. the deletion of residues 
t 6 is accompanied by an approximately 100-fold decrease in 
eptor binding affinity (7, 10. 1 8.24). The major component of 
H receptor binding affinity, however, appears to be deter- 
mined by residues 28-34. Deletion of these residues causes at 
least a 1000-fold reduction in binding affinity (18). Furthermore, 



PTH(25-34) displays weak, but detectable, receptor binding af- 
finity (K d = 100 tiM) (18). In comparison, no evidence for re- 
ceptor interaction has been obtained for amino-terminal frag- 
ments shorter than PTH(l-27) (24.26). Based on these 
observations, the 25-34 region has been called the hormone's 
principal receptor binding domain (18). 

We have previously reported production of hPTH(l-84) in 
yeast (5). and the a-factor expression system is a well-charac- 
terized, commonly used strategy for expression of foreign pro- 
teins by the yeast Saccharomyces cerevisiae (3.27.29). The mating 
factor alpha (MFa) leader sequence is cleaved off sequentially 
by the K.EX-2 endopeptidase and then by an amino peptidase 
STE13. leaving a correct Af-terminal after guiding the recom- 
binant protein through the secretory pathway (II). In the 
expression plasmid pa UX PTH -2. the MFa promoter, signal se- 
quence, and termination signal were employed. The secreted 
hormone was purified from medium to more than 95% homo- 
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ne 1 . Inhibition of radiolabeled [Tyi^]chickenPTHrP( I-36)amide by 
different hPTHs. Recombinant hPTH(l-84) produced in E. coli (O), 
recombinant hPTH(l-84) produced in Saccharomvces cerevisiae (□), 
[Gln 26 )hPTH(l-84> (QPTH) produced in Saccharomvces cerevisiae (♦), 
and_chemically synthesized hPTH( 1 -84) (•) were tested in radioreceptor 
assay using LLC-PK, cells transfected with the rat PTH/PTHrP receptor. 
The data represent the mean ± SD of at last two independent experiments, 
each performed in triplicate. 



geneity. characterized chemically, and shown to represent the 
natural hormone (5,19). In addition to the intact hormone, an 
aberrant KEX-2 cleavage occurring at an internal site (5) after 
two consecutive basic amino acids in the hPTH sequence -Arg* 3 - 
Lys 26 |Lys 27 -resulted in part fragmentation of the hormone. 
To improve the yield of hPTH, and to avoid internal degrada- 
tion, a point mutation was introduced into the gene, changing 
Lys in position 26 to Gin (Q) (23). The resulting agonist, 
[Gln 26 ]hPTH(l-84), called QPTH, was tested together with re- 
combinant hPTH(l-84) produced in Saccharomvces cerevisiae 
and compared with chemically synthesized hPTH( 1-84) in cer- 
tain biochemical and biological tests. 

We have also produced full-length hPTH in E. coli as a se- 
cretory product employing the Staphylococcus aureus protein 
A signal and regulatory sequences (9). After purification from 
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FIG. 2. Stimulation of cAMP by different hPTHs. Accumulation of in- 
tracellular cAMP in LLC-PK, cells transfected with the rat PTH/PTHrP 
receptor stimulated ( 1 5 min. 37°C) with recombinant hPTH( 1 -84) pro- 
duced in £. coli (O), recombinant hPTH(l-84) produced in Saccharo- 
mvces cerevisiae (□), [Gln^JhPTHt 1-84) (QPTH) produced in Saccha- 
romvces cerevisiae (♦), and chemically synthesized hPTH(l-84) (•). 
The data represent the mean ± SD of two independent experiments, 
*"?.ch performed in Htmlicate. 
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FIG. 3. Induction of hypercalcemia by different hPTHs. Parathyroid- 
ectomized male Wistar rats were administrated different forms of hPTH 
(2.0 fig of the recombinant hPTHs, 2.7 Mg of the chemically synthesized 
hPTH) as described in the Method section. The stimulating agents were 
recombinant hPTH( 1 -84) produced in E. coli (O), recombinant hPTH( 1 - 
84) produced in Saccharomvces cerevisiae (□), [Gln 2 *]hPTH(l-84) 
(QPTH) produced in Saccharomyces cerevisiae (♦), and chemically syn- 
thesized hPTH( 1-84) (•). Control (▲). Blood samples were drawn at 0, 
1.2, 3, 4, 5, and 6 h after injection of PTH. The results are reported as 
the difference between the amount of calcium in the blood at the various 
time points, subtracting out the amount of calcium in the baseline sample 
(delta values). The data represents the mean ± SEM (n « 6). 



medium and chemical characterization, this recombinant form 
was also included in the biochemical and biological character- 
izations. 

LLC-PK, cells (porcine renal epithelial cells) stably transfected 
with the cDNA for the rat PTH/PTHrP receptor (4) were used 
for the receptor binding studies and cAMP responsiveness; rats 
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FIG. 4. Urinary excretion of phosphate.- Parathyroidectomized male 
Wistar rats were administrated different forms of PTH (2.0 Mg of the 
recombinant hPTHs, 2.7 M g of the chemically synthesized hPTH) as 
described in the Method section. Urine was collected for two periods: 
0-30 and 30-60 min after administration of PTH. The excretion of 
phosphate is expressed as the percent tubular reabsorption of phosphate 
(% TRP) and is calculated by the formula: ( 1 - phosphate clearance/ 
creatinine clearance) X 100. The result is reported as a change in % TRP 
related to the zero control level, and a decrease represents a greater amount 
of phosphate excreted in the urine. The data represents the mean ± SEM 
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FIG. 5. Changes in urinary cAMP after administration of PTH. Para- 
thyroidectomized male Wistar rats were administrated different forms 
of PTH (2.0 tig of the recombinant hPTHs. 2.7 *xg of chemically syn- 
thesized hPTH) as described in the Method section. Urine was collected 
for 30 min after administration of PTH. The excretion of cAMP is re- 
ported as_ a change in cAMP concentration related to the zero control 
level. The data represents the mean ± SEM (n = 6). 



were used for measurements of the hypercalcemic response, urine 
phosphate, and cAMP. 

METHOD 

Chemically synthesized hPTH(l-84) was purchased from 
Bachem Fine Chemicals (Torrance, CA) and [Tyr^ 6 ]chicken- 
PTHrP(l-36)-NH2 for radioiodination was from Peninsula 
Laboratories. The production, purification, and chemical char- 
acterization of recombinant PTHs have been described previ- 
ously (5,9.19,23). Peptide concentrations were determined by 
amino acid analysis. The blood and urine samples were analyzed 
for calcium, phosphate, protein, and creatinine on the Cobas 
Bio Autoanalyzer. cAMP was analyzed using a commercial ra- 
dioimmunoassay kit from Amersham. AH reagents were of 
highest purity available. 

Radioreceptor Assay 

LLC-PK, cells expressing the rat PTH/PTHrP receptor (4) 
were plated in 24-well plates. The cells were incubated with ,25 I- 
labeled [Tyr^JchickenPTHrPC 1 -36)-NH 2 ( 1 00,000 cpm per well/ 
0.5 ml) in the presence or absence of competing ligands at 1 5°C 
for 4 h, using a Tris-based binding buffer (50 mM Tris-HCl), 
pH 7.7, 100 mM NaCl, 5 mM KC1, 2 mM CaCl 2 . 5% heat- 
inactivated horse serum. 0.5% heat-inactivated fetal calf serum 
as described (28). The competing ligands included chemically 
synthesized hPTH(l-84) from Bachem, recombinant hPTH(l- 
84) expressed in E. coli (9), recombinant hPTH( 1 -84) expressed 
in yeast (5,19), and recombinant QPTH expressed in yeast (23). 
Techniques used for radioiodination of PTHrP analogue have 
been reported (12.13). PTH and PTHrP bind to and activate 
PTH receptors in bone and kidney in an indistinguishable man- 
ner (12.14). [^MjfTy^lchickenPTHrPd^e^NHs was used as 
^Mjoligand because of lower nonspecific binding (less than 5% 
^■fcal binding) (14) compared to [ I23 I][Nle 8J8 Tyi^]bovine- 
^^R( l-34)-NH2, which gave 10-15% nonspecific binding (28). 

Intracellular cAMP Measurements 

For measurements of intracellular cAMP, LLC-PK, cells (4) 
expressing the rat PTH/PTHrP receptor were pleated in 24-well 



(about 250.000 cells/well). The cells were placed on ice. rinsed 
once with 1 ml of cold Duibecco's modified Eagle's medium 
containing 2 mM 3-isobutyl- 1 -methylxanthine. and 0.1% bovine 
serum albumin. Medium (0.5 ml) with or without PTH was 
added and cells were transferred to a 37°C water bath for in- 
cubation in 15 min. Then the cells were rinsed once with 0.5 
ml phosphate-buffered saline and immediately frozen on liquid 
nitrogen. Intracellular cAMP was measured by a radioimmu- 
noassay kit from Amersham, after lysing the cells with 1 ml of 
0.05 N HQ. 

Hypercalcemic Assay 

Male Wistar rats ( 1 50-200 g) were parathyroidectomized us- 
ing electrocautery 18 h prior to the start of the experiment. Pre- 
liminary experiments showed that this was a reliable way to 
obtain complete removal of parathyroid gland activity because 
plasma calcium fell linearly as a function of time, as also indi- 
cated by the control group in Fig. 3. Moreover, individual rats 
showed small variations in the results. The parathyroid glands 
were removed for two reasons. One, to eliminate the endogenous 
production of the hormone, and two. to make the animals more 
sensitive to exogenous hormone. The increase in sensitivity is 
assumed to be due to the upregulation of PTH receptors in target 
organs (16). Thus, it has previously been shown that tubular 
membranes prepared from parathyroidectomized rats reveal a 
higher binding of [ 3 H]hPTH( 1-34) and higher maximum stim- 
ulation of PTH -stimulated adenylate cyclase compared to control 
animals (16). It has also been shown (28) that downregulation 
of PTH receptors in ROS 1 7/2 cells occurs when the cells are 
exposed to PTH concentrations near hormonal physiological 
doses. More than 50% of the of the PTH-stimulated adenylate 
cyclase activity was recovered within 24 h after desensitization. 

The animals were fasted overnight, and anesthetized the next 
day using hypnorm dorm i cum (0.2 ml/rat). The carotid artery 
was cannulated using polyethylene-50 tubing. The cannula was 
connected to a syringe containing Ringers acetate, 4 % bovine 
serum albumin. 25 units heparin/ml. Five minutes after injection 
of 200 m! of the heparinized Ringers acetate, a baseline blood 
sample was drawn (300 jxl). The animals were tracheotomized 
to prevent respiratory failure due to damage to the recurrent 
laryngeal nerve running through the thyroid gland. The PTH 
agonist was then injected SC in a volume of 200 pi. All agonists 
were dissolved into 100 m1 of 0.01 N acetic acid. The test agents 
included: 



1. vehicle, 0.001 N acetic acid, 1% bovine serum albumin 
(control), 

2. chemically synthesized human PTH(l-84), 2.7 ^g/rat 
(chem. synt. hPTH), 

3. recombinant human PTH( 1 -84) from yeast, 2.0 jig/rat (yeast 
hPTH), 

4. recombinant human PTH( 1 -84) from E. colL 2.0 jig/rat (E. 
coli hPTH), 

5. recombinant [Gln 26 ]hPTH(l-84) from yeast, 2.0 *ig/rat 
(QPTH). 



Due to the reduced receptor binding affinity and cAMP stim- 
ulation in the in vitro assays below, the chemically synthesized 
hPTH concentration was used at 2.7jig/rat. 

After dissolving in acetic acid, the agents were brought up in 
900 m1 of Ringers acetate containing 1% bovine serum albumin. 
Blood samples were drawn at 1,2, 3, 4, 5, and 6 h after injection 
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drawing each blood sample using 200 *il of the heparinized 
Ringers solution. 

All forms of hPTH were analyzed and quantified by amino 
acid analysts before administration to the rats. 

The blood samples were centrifuged in a clinical centrifuge 
for 10 min. then the plasma was analyzed for calcium using a 
Cobas Autoanalyzer. 

Urine Analysis 

Male Wistar rats < 1 50-200 g) were parathyroidectomized us- 
ing electrocautery 1 8 h prior to the start of the experiment. The 
animals were fasted overnight, and anesthetized the next day 
using hypnorm dormicum (0.2 ml/rat). The carotid artery and 
the jugular vein were cannulated using poiyethyiene-50 tubing. 
The cannula was connected to a syringe containing Ringers ac- 
etate. 4% bovine serum albumin. 25 units heparin/ml. The blad- 
der was catheterized using PE-200 tubing. 

The carotid artery was cannulated for the collection of blood 
samples, and the jugular vein was cannulated for the purpose 
of injecting the hormones, and for a slow infusion for the purpose 
of volume loading the rats to increase the urine output. The rats 
were infused with Ringers acetate. 4% bovine serum albumin at 
the rate of 3 ml/h. The infusion was run for 2 h before the start 
of the experiment to equilibrate the animals. 

After the 2-h equilibration period, a baseline urine collection 
was made for 30 min. with a midpoint arterial blood sample 
drawn at 15 min. At the end of the baseline urine collection 
the PTH was injected IV. and a new 30-min urine collection 
was started. Again, a midpoint blood sample was taken 15 min 
into the urine collection. A final 30-min urine collection was 
made from 30-60 min after the injection of PTH. with the mid- 
point blood collection made at 45 min after PTH injection. 

The excretion of phosphate is expressed as the percent tubular 
reabsorption of phosphate (% TRP). The % TRP is calculated 
by the formula: (J - phosphate clearance/creatinine clearance) 
x 100. A decrease of % TRP represents a greater amount of 
phosphate excreted in the urine. The creatinine clearance did 
not change m any of the treatment groups. It was not expected 
to change, and was only measured to calculate the % TRP. 

Statist ical A naly >ses 

A two-sample /-test was used comparing mean values of con- 
trol and treated groups of animals (2). 

RESULTS 

Radioreceptor Binding Studies and Intracellular cAMP 
M easurements 

Binding of the different hPTH forms is shown in terms of 
displacement curves using the ['"iHTvr^Jchicken PTHrPd- 
36)-NH 2 as radioligand and LLC-PK, cells permanently trans- 
fected with the rat PTH/PTHrP receptor. 

The chemically synthesized hPTH and QPTH had calculated 

? m ? ll £^ ffiniticS A ' d of 18 (95% confidence interval: 
16.1-20.0 nM) and 23 nM (95% confidence interval: 19 0-*>7 *> 
nAf) respectively (Fig. 1). The natural recombinant hPTH(J- 
84) forms from Saccharomyces cerevisiae and E. coli had a sim- 
ilar but significantly lower apparent A d of 9.5 nM (95% confi- 
dence interval: 8.7-10.4 nM) (Fig. 1 ). In spite of these differences 
in receptor binding affinities, all the recombinant hormones had 
equal ability to stimulate intracellular cAMP accumulation (EC* 
about 1.5 nM. 95% confidence interval: 1.0-2.2 nM) (Fig. *>) 
In contrast the synthetic hPTH showed a significant reduced 
potency to stimulate cAMP production with EC*, of 5.7 nM 



(95% confidence interval: 3.4-9.6 nM) on a molar basis, and a 
reduced maximal response. 

Hypercalcemic Assay 

After parathyroidectomy, the control calcium concentration 
fell linearly I h after the operation (about 0.75 mg %/h) (Fig. 
3) The chemically synthesized hPTH was injected in a dose of 

^^Tufto SST^iS <br the other hPTH 

species due to the reduced receptor binding affinity and cAMP 
stimulation of the chemically synthesized hPTH "S£S «n«m- 
trauons were chosen on the basis of preliminary eSSm^s 
using a range of different doses and were selected *£^££ 
gave a healthy hypercalcemic response and no ohS sE 
effects (e.g., unaffected rectal temperature) The h\^^l™ 
response of the chemically synmS^^^^ 
what lower ttonfor yeast hPTR but MhSSSt^Z 

^ b , inam hPTHs ; experiments i flJSEd I X£ 

the declining pans of the curves were similar and l^hTsloSe 
of the control curve <Fig. 3). 

Tubular Reabsorption of Phosphate 

The percent tubular reabsorption of phosphate (% TRP) was 
calculated on basis of urine creatinine values and showed a strong 
and agnificant {p < 0.01 ) reduction after injection of the different 
PTH forms, and the potencies were similar. This effect was al- 
ready observed 15 min after injection, and was then close to or 
at its maximum (Fig. 4). (For calculation of % TRP, the Method 
section.) 

Measurements of Cyclic Adenosine Monophosphate 

The changes in the cAMP content of the urine after admin- 
istration of PTH was somewhat variable, with the chemically 
synthesizedhPTH showing the smallest effect. However, all 
forms of PTH responded in a similar fashion. Therefore, there 
is no principal difference between the preparations of PTH in 
terms of their stimulation of cAMP release into the urine 
(Fig. 5). 

DISCUSSION 

Structural analysis of PTH indicates that PTH( 19-34) frag- 
ment contains substantial helical structure ( 17) and the residues 
17-28 form an a-helix ( 1 5). This assumption has been confirmed 
(6). showing that mutations of the hydrophobic residues Leu 24 
Leu . and Val 31 in hPTH are critical for optimal PTH activity! 
in contrast to most mutations of the polar residues (i e Lvs 26 ' 
Lys- 7 , Gin 29 . Asp 30 , and His 32 ). ' 

We have previously showed that QPTH is full v active in assays 
of adenylate cyclase, and this observation has been confirmed 
(6). Also in bone resorption studies using mouse calvaria (23) 
the QPTH was equally potent compared with the natural hor- 
mone. Biotinylation of Lys 26 or Lys 27 of INle a * ,8 ,Tyr 34 'bPTH(l- 
34) has no effect on binding affinity (1), but substitutions as 
Lyr Glu and Lys 26 Thr causes partial reduction in cAMP 
production by PTH stimulation (6). 

Interestingly, the substitution in QPTH. Lys 26 — Gin, lowers 
the hormone s affinity to the receptor 2.4 times, but does not 
influence the cAMP production compared to the wild-type hor- 
mone, indicating that the efficacy of the hormone receptor com- 
plex to stimulate the cyclase dependent G-protein(s) may still 
be similar. This certainly also shows that it is important to com- 
plement receptor binding studies with functional analysis. 

Our in vivo studies have shown that the recombinant forms 
of hPTH are at least as potent as chemically synthesized hPTH 
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(29% higher doses of the chemically synthesized preparation were 
used), demonstrating that the yeast and E. coli hPTHs were 
^^wectly processed and that the molecule folded correctly to 
^^^b the proper tertiary structure, which is necessary to give full 
^^^ogical activity. Also, QPTH has folding characteristics that 
make it as active as the natural hormone. However, the reduced 
receptor binding potency and biological responses of the chem- 
ically synthesized hPTH on a molar basis is unexplained, but 
may be related to an inadequate ^-terminal structure that is the 



last synthesized pan of the peptide and for PTH is of crucial 
importance for receptor binding and eliciting the biological re- 
sponses. 
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CHAPTER 7 



Open Reading Frames in DNA Delineate 
Protein-Coding Regions 

A computer can also be used to analyze a long 
DNA sequence to determine the location of re- 
gions that may code for proteins. The computer is 
instructed to search for "open reading frames/* 
long stretches of triplet codons that are not inter- 
rupted by a translational stop codon. This proce- 
dure can be very useful when a cloned DNA frag- 
ment is known from, say, some functional assay to 
contain a certain gene, but when the size of the 
gene or its location on the fragment is not known. 
If an open reading frame can be found somewhere 
in the sequence — especially if the frame has an 
ATG (the universal translation-initiation codon) 
near the start — it is very likely that this stretch of 
sequence is in fact the gene; discovery of an open 
reading frame does not prove the existence of a 
gene, of course, but it at least delineates an area to 
home in on. Conversely, the lack of an open read- 
ing frame in a stretch of sequence that was thought 
to contain a gene has been used to determine that 
some "genes" — chromosomal sequences that hy- 
bridize to specific mRNAs — are in fact pseudo- 
genes, nonfunctional relics that arose during the 
evolution of gene families. Computer searches for 
open reading frames have even pointed out se- 
quences that code for mRNAs (and probably pro- 



teins) that were previously unsuspected. The long 
terminal repeat (LTR) of mouse mammary tumor 
virus (Chapter 10) and a stretch of adenovirus 
DNA, for example, were found to have long open 
reading frames that have since been found to code 
for mRNAs. The proteins coded for by these 
mRNAs have not yet been determined, but no one 
would have even looked for the mRNAs if the open 
reading frame had not been found. 

Leader Sequences at the NH 2 -Terminal 
Ends of Secretory Proteins 

DNA sequence analysis reveals that many func- 
tional proteins first exist in the form of slightly 
larger precursors containing some 15 to 25 addi- 
tional amino acids at their NH 2 -terminal ends. 
Such "leader" (signal) sequences are diagnostic of 
proteins that move through cellular membranes to 
function only after they have been secreted from 
the cells in which they were made (examples of 
such proteins are insulin, serum albumin, antibod- 
ies, and digestive tract enzymes), or after they 
have been anchored to the outer surface of a cell 
membrane (the histocompatibility antigens on the 
cell surface are an example). A majority of the 
amino acids found in leaders are hydrophobic, and 
they somehow function to ensure both the attach- 
ment of nascent polypeptide chains to appropriate 



SIGNAL PEPTIDE 




SIGNAL SECRETED 
PEPTIDE PROTEIN 



Figure 7-6 

Signal sequences. Proteins destined to be secreted from the cell have an N-terminal 
sequence that is rich in hydrophobic residues. This "signal" sequence binds to the 
membrane and draws the remainder of the protein through the lipid bilayer. The 
signal sequence is cleaved off of the protein during this process by an enzyme called 
signal peptidase. 
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Figure 7-7 , 
A comparison of rat and human insulin genes. Pre, A, B, and C represent the 
different peptide domains of the proinsulin molecule. 



membranes, and the subsequent passage of the 
chains across the lipid bilayers that characterize all 
cellular membranes. In vivo, leader sequences usu- 
ally have only a fleeting existence, because they 
are cleaved oflfby specific proteolytic enzymes that 
generate the NH 2 -terminal amino acids of the 
functional secreted products (Figure 7-6). 

Introns Sometimes Mark Functional 
Protein Domains 

At first, neither the location nor the number of 
introns within a given gene made sense. In rats, for 
example, two closely related genes code for insu- 
lin — one gene has only one intron and the other 
has two. The rat insulin I and rat insulin II genes 
have introns of almost identical sizes located im- 
mediately downstream from the sequences coding 
for the insulin leader. The second intron of the rat 
insulin II gene is located within the so-called "C" 
segment of the insulin protein precursor that is 
digested away to produce the two-chained struc- 
ture of mature insulin molecules. Humans have 
only one insulin gene whose two introns are 
located in positions similar to those of the rat insu- 
lin II gene (Figure 7-7), thus suggesting the de- 
scent of rat and human genes from a common 
ancestor. No obvious functional difference marks 
the amino acids separated by the second insulin 
intron, whose location might be accidental. 

In hemoglobin, though, the amino acids con- 
stituting the special functional domain surround- 
ing the heme group are clearly delineated by an 



intron from the more distal amino acids. As we 
describe below, introns within antibody genes are 
precisely located between functional domains. For 
this reason, much protein evolution may have 
been accomplished by genetic recombination 
events that brought together domains previously 
located on separate genes. It is conceivable that the 
long length of many introns helps to ensure that 
coding sequences are kept intact during genetic 
crossing over. 

Alternative Splicing Pathways Generate 
Different mRNAs from a Single Gene 

RNA splicing can also generate different mRNAs 
and thus different proteins from one gene, or, 
more accurately, from one primary transcriptional 
unit. Differential splicing was first seen in the 
adenoviruses and then in SV40, in polyoma virus, 
and in the mRNAs coding for immunoglobulins. 
A recent example involves the mRNA coding for 
the hormone calcitonin, a peptide that is normally 
produced in large amounts in the thyroid gland. 
Although a large amount of calcitonin mRNA is 
present in the hypothalamus, very little calcitonin 
itself is produced there. Instead, another protein 
that is called "calcitonin-gene-related product" or 
CGRP, and whose function is still unknown, has 
been detected. Both calcitonin and CGRP are pro- 
duced from the same primary transcript by using 
alternative splicing routes. The routes used pro- 
duce two different mature mRNAs having a com- 
mon 5' end but different 3' ends: The thyroid 
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early region have been produced in this way (Fig- 
ure 15-2b). The advantage of replacing early 
genes by foreign DNA and propagating virions in 
COS cells is that all progeny virus particles should 
have the recombinant genome; there are no con- 
taminating helper viruses. 

Analysis of Cloned Surface Antigen 
Genes 

A gene inserted into an SV40 vector and intro- 
duced into animal cells should be efficiently and 
correctly expressed. The protein that is made 
should be fully functional; it should undergo any 
posttranslational modification that it normally un- 
dergoes, and, if it is a protein that is ordinarily 
transported through the intracellular membrane 
system to the cell surface, this transport process 
should be completed. Cloning in SV40 of a gene 
coding for such a protein provides an opportunity 
not only to study transcription, mRNA splicing, 
and translation, but also the intracellular transport 
mechanisms that sort and deliver the protein to its 
correct cellular location, and the mechanisms that 
insert and anchor it in membranes. Through the 
use of in vitro mutagenesis (Chapter 8), amino acid 
codons in the gene can be selectively mutated and 
the effects of such mutations can be assessed. In 
this way it should be possible to define the func- 
tional domains of the gene and its corresponding 
protein. 

For example, the flu virus hemagglutinin (Ha) 
gene cloned into SV40 expression vectors is effi- 
ciendy expressed in infected monkey cells (Figure 
1 5-3). The hemagglutinin is fully glycosylated and 
transported in a normal way to the cell surface 
membrane. There it remains in a biologically and 
antigenically active form, anchored through a car- 
boxyl-terminal domain containing hydrophobic 
amino acids that lie in the lipid bilayer of the mem- 
brane. 

When cells were infected with the SV40 vec- 
tor carrying an Ha gene from which the sequences 
that specify the carboxyl-terminal hydrophobic 
segment had been deleted, the hemagglutinin was 
synthesized and glycosylated, but was then se- 
creted into the culture medium rather than being 
anchored to the membrane. This neatly and unam- 
biguously proved that the C-terminal hydrophobic 
domain of the hemagglutinin is responsible for 
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Figure 15-3 

The SV40 early promoter can be used to express 
large amounts of flu virus hemagglutinin. 



maintaining it as an integral membrane protein. As 
we have mentioned (Chapter 7), the amino-termi- 
nal segment of both secreted and integrated outer- 
surface membrane proteins in eukaryotic cells is 
also hydrophobic, and acts as a leader to translo- 
cate the nascent polypeptide across the membranes 
of the intracellular transport system. During this 
translocation, the amino-terminal leader is cleaved 
from the growing polypeptide. Removal of the 5' 
end of the cloned Ha gene, which codes for the 
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hemagglutinin leader, resulted in hemagglutinin 
that was not glycosylated and was not translocated 
across intracellular membranes. 

Experiments such as these would not be possi- 
ble without eukaryotic cloning vectors. Cloning in 
bacteria would allow study of the early steps in 
gene expression, but not of posttranslational mod- 
ifications such as glycosylation and transport 
through intracellular membrane systems. How 
proteins are sorted within cells and delivered to 
their correct destinations is now a central preoccu- 
pation of cell biologists. Gene cloning provides a 
way of tackling the problem. 

Plasmidlike Replication of DNA 
in COS Cells 

The SV40 vectors we have just discussed depend 
on the completion of the replication cycle of the 
virus. In COS cells, any piece of DNA that in- 
cludes an SV40 origin of replication will replicate 
because of the presence of SV40 T antigen in the 
cells. The foreign DNA will, at least transiently, 
replicate independendy of the cellular DNA. 

Recombinant DNAs containing the SV40 ori- 
gin and a foreign gene will, when introduced into 
COS cells, replicate to an enormously high copy 
number. The transcription of the foreign gene 
from the plasmidlike DNA molecules can then be 
studied. In one such experiment, transcription of 
the /3-globin gene was found to initiate correctly 
and to produce a precisely spliced mRNA (Figure 
15-4). Because so many gene copies are present in 
each cell and because the total amount of RNA 
made is correspondingly high, this system pro- 
vides a quick way of screening mutations for their 
effects on transcription and RNA processing. 

Rescue of Integrated SV40 DNA 
by COS Cell Fusion 

Nonpermissive mouse cells transfected with a plas- 
mid containing the SV40 origin of replication 
linked to some selectable marker will incorporate 
the DNA into the chromosomes. If these cells are 
then fused with COS cells (fusion can be effected 
with polyethyleneglycol), the T antigen being pro- 
duced by the COS cells will diffuse to the nuclei 
of the mouse cells and initiate DNA replication at 
the SV40 origins in the mouse cell chromosomes. 
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Figure 15-4 

A foreign gene cloned on a plasmid with the 
SV40 origin replicates to a very high copy 
number when transfected into COS cells. The 
high copy number allows efficient transcription 
of the foreign gene. 

The replication proceeds bidirectionally and even- 
tually produces circular molecules that pop out of 
the chromosomes. These molecules can easily be 
purified away from the bulk of the chromosomal 
DNA. If plasmid pBR322 sequences are located 
near the SV40 origin, the circular molecules pro- 
duced in this manner can be propagated directly in 
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[57] ABSTRACT 
Human parathyroid hormone was isolated in highly 
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primary sequence of the amino terminal 34 residues 
was determined and the peptide of the first 34 resi- 
dues synthesized. 
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HUMAN PARATHYROID HORMONE 

This application is a continuation-in-part of copend- 
ing application Ser. No. 317,702, filed Dec. 21, 1972, 
now abandoned. 

This invention relates to peptides, and more specifi- 
cally to the biologically active amino terminal 34 resi- 
dues of the human parathyroid hormone. 

During the last few years a significant core of infor- 
mation has been obtained by a number of laboratories 
on the chemistry, biosynthesis, and secretion of the pa- 
rathyroid hormone (PTH). These studies have indi- 
cated that the parathyroid hormone is initially synthe- 
sized as a prohormone, proparathyrotd hormone. 
Proparathyroid hormone contains approximately 106 
amino acids, and has an apparent molecular weight of 
12,500. The prohormone is rapidly converted into the 
storage or glandular form of the hormone consisting of 
84 amino acids, and a molecular weight of 9,500. The 



10 



ies was isolated from parathyroid adenomas obtained 
from patients undergoing surgery for hyperparathy- 
roidism. Dried, defatted parathyroid tissue was initially 
extracted with 8M urea in 0.2N hydrochloric acid, and 
fractionated with ether, acetic acid, sodium chloride, 
and trichloroacetic acid (TCA powder) according to 
the procedure of Rasmussen et al in J. Biol. Chem 239 
2852-2857 ( 1964). The TCA powder was further puri^ 
fied by gel filtration, followed by ion exchange chroma- 
tography on CM-sephadex employing an ammonium 
acetate gradient. The isolation of the hormone was 
monitored by radioimmunoassay and disc gel electro- 



15 



Amino acid analyses were performed on a Beckman- 
Spinco automatic amino acid analyzer. Model 120B or 
121 adapted for high sensitivity or a Durrum Model 
500 analyzer. Analytical disc gel electrophoresis was 
performed in 8M urea at pH 4.4 as previously reported 
by Brewer et aJ in i. .Biol. Chem. 246, 5739-5742 
complete ammo acid sequences of the 84 amino acid 20 ( 1970). Immunoassays were performed by the procue 



parathyroid hormone from the bovine and porcine spe- 
cies have been reported. Following appropriate physio- 
logical stimuli the 9,500 molecular weight form of the 
parathyroid hormone is secreted into the circuit ion. 
Shortly after entering the peripheral circulation the 
glandular form of the hormone is cleaved into smaller 
fragments. Gel filtration of human hyperparathyroid 
serum by several investigators have revealed a major 
immunorcactive fragments) with a molecular weight 
. of 5-8,000 and several minor components. Immuno- 
chemical heterogeneity of the circulating human para- 
thyroid hormone, presumably due to the different mo- 
lecular forms of PTH, was initially reported by Berson 
and Yalow (/. Clin, Endo. Met. 18 t 1037-1047 
(1968)), and has been confirmed by others. The spe- 
cific site(s) of cleavage in the 84 amino acid polypep- 
tide chain of the parathyroid hormone in the general 
circulation is as yet unknown, and the biological activ- 
ity of the resulting fragments which make up the major- 
ity of the immunochemical circulating hormone has not 
been reported. A biologically active peptide fragment 
of bovine PTH, prepared by dilute acid cleavage, has 
been reported, indicating that the intact 84 amino acid 
polypeptide is not needed for biological activity. This 
peptide has been identified as the amino terminal pep- 
tide of the hormone, and is composed of the initial 30 
residues of the sequence (Keutmann et al, Biochcm. 1 1 , 
1975-1979 (1972)). Synthetic peptides of the first 34 
residues of the bovine hormone, and the initial 30 resi- 
dues of the procine hormone have been prepared and 
are biologically active, thereby confirming the localiza- 
tion of the biologically active region of the parathyroid 
hormone to the amino terminal third of the 84 amino 
acid polypeptide chain. There has, heretofore, been no 
identification of the sequence of the initial residues in 
the human hormone. It follows, however, that the bio- 
logical activity of the human hormone would He in the 
first 34 residues. 

It is, therefore, a primary object of the present inven- 
tion to obtain the primary sequence of the amino termi- 
nal 34 residues of human PTH. 

It is another object of the present invention to pro- 
vide a synthetic peptide comprising the amino terminal 
34 residues of human PTH. 
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ISOLATION AND IDENTIFICATION 
The human parathyroid hormone used in these stud- 



dure of Arnaud et al in J. din. Invest. 50 21-34 
(1971). 

Automated Edman degradations were performed 
with the Beckman Sequencer, Model 890B, utilizing a 
IM Quadrol buffer. The phenylthiohydantoxn (PTH) 
amino acids were identified by regeneration to the con- 
stituent amino acid by hydrolysis with hydroiodic acid 
for 20 hours at 130**:., 1 gas liquid chromatography 
(2,3) and mass spectrometry. (4,5,6) chemical ioniza- 
tion (CI) mass spectrometry was performed on a Finni- 
gin mass spectrometer equipped with a PDP-8/e Digi- 
tal computer, and a Complot Plotter. Isobutane was 
used as the carrier gas, and the source was maintained 
at 200°C. The samples were applied by a direct inser- 
tion probe, and the probe was heated from 30° to 
250°C over a 90 sec period. Electron impact (EI) mass 
spectrometry was performed on an LKB mass spec- 
trometer Model 9000 using a direct insertion probe and 
an electron energy of 70eV. 

(\h I). Smithies O Gibson, D., Fanaing, E. M.. Goodfliesh. R. M. f 
Oihnan. J. C, & Bananlync, D.U ( 1971) Biochcm. 10,4912-4918 
5597- l 5W7 > ' J * J "* * Bnm2ert ' T ' (,969) J - Chem- 244, 

(3) . Pisano J. J Brorart, T., & Brewer, H. B., Jr. (1972) Anal. Bio- 
chcm. 45, 45-59. 

(4) . Jtetmsrier, R, Ebbighaosen, W., Nicholson, C, A Votscli W 
{ 1970) Zckschr Naturforsch 25b. 68 1-689. ' * 

&^lk£^ R " ^ (,97 ° Bk>CW *~ 
(6). f*tai. H. M., Nagai. Y., Milne. O. W. A.. Brewrr, H. B., Jr., Brow- 
art, T. J., A Ptsano, J. J., Anal. Btochem. 43, 288-299 ( 1971 ) 

The purified human parathyroid hormone migrated 
as a single component on disc gel electrophoresis with 
a mobility which was identical to that of the bovine pa- 
rathyroid hormone. Amino terminal analysis of the pu- 
rified peptide by the Edman technique revealed serine. 

350 nanomoles of the purified hormone were de- 
graded on the Beckman Sequencer using a single cleav- 
age of heptofluorobutyric acid at each degradation. 
The results of the degradation of the first 34 residues 
of the human parathyroid hormone are shown in FIG. 
1. A "quasimolecular" (QM + ) or major fragmentary 
ion is observed in each of the CI mass spectra. At step 
12 in the sequence a quasimolecular ion for glycine 
(m/e 192) and leucine (m/e 249) are observed. Quanti- 
tation by the gas chromatography method of glycine 
(.28 /iM) and leucine (.09 §M) permits definite identi- 
fication of glycine as the twelfth amino acid in the se- 
quence with the leucine resulting from overlap from 
step 1 1 (FIG. I.). Leucine/isoleucine and lysine/gluta- 
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3 4 

mine yield identical masses of m/e 264 respectively on mm was further characterized by displacement with 
CI mass spectrometry. Lysine, however, can be distin- synthetic bovine fragments, and the recognition site of 
gutshed from glutamine by the fragmentary ion at m/e this absorbed antiserum was shown to be directed to- 
306. Lysine/glutamine and leucinc/isoleucine were also ward residues 14 to 19 in the bovine sequence. Using 
readily differentiated by gas chromatography on the 5 this approach, they have concluded that the major frag- 

CFC blend and by EI mass spectrometry. ment in the human circulation is carboxyi terminal, and 

These combined results provided a single unique se- biologically inactive. They were, however, unable to 

quence for the first 34 residues of the human parathy- identify the amino terminal fragment in the circulation 

roid hormone (FIG. 1 ) of human subjects. This may be due to either the rapid 

i mi rrv 10 clearance of the amino terminal specific bovine antise- 

U IILtl Y nnn with jjjg m i no terminal region of the human hor- 

The amino acid sequence of the first 34 residues of mone. It is of interest that the human sequence differs 

human parathyroid hormone is of major importance in the 14 to 19 region from the bovine hormone by the 

since previous studies of the bovine and procine species substitution at step 1 6 of an asparagine for a serine resi- 

have indicated that this is the biologically active region 15 due (FIG. 2). The significance of this substitution in the 

of the native hormone. The first 34 residues of human human hormone to the results they have obtined with 

PTH differ from the bovine by 6 residues, and the por- their amino terminal specific bovine antiserum is as yet 

cine by 5 residues (FIG. 2). The amino terminal IS res- unknown. Canterbury and Rerss have reported results 

idues of human and procine PTH are identical, how* on the nature of the circulating fragment of the para- 

ever bovine differs from human and porcine PTH in po- 20 thyroid hormone that are in contrast to those reported 

sitions 1 and 7 where alanine substitutes for serine, arid by Habener, et al. Using an antiserum prepared against 

leucine replaces phenylalanine (FIG. 2). In the remain- bovine parathyroid hormonnc, these investigators have 

ing 1 6-34 region human PTH differs from porcine PTH identified three different immunochemical forms of the 

by 5 residues, and from bovine PTH by 4 residues (FIG. parathyroid hormone in the peripheral circulation of 

2). Human PTH contains 2 methionine residues similar 25 hyperparathyroid patients (/. din. Invest, (in press) 

to the bovine species, whereas porcine PTH contains a (1973)). The molecular weight of these three compo- 

single methionine at position 8 (FIG. 2). The human nents, as determined by gel filtration, were 9500 (pre- 

scquence is unusual in that it contains 4 consecutive sumably glandular PTH), 7000-7500, and 4500-5000. 

basic residues (arginine residue 25, and lysine residues Recently these investigators have directly accessed the 

26 to 28). Amino acid residues in the first 34 which are 30 biological activity of these three fragments in a renal 

unique to the human sequence include an asparagine at adenyl cyclase system. Both the 9500 and the 

position 16, glutamine at position 22, lysine at position 4500-5000 fragment stimulated the adenyl cyclase sys- 

28, and a leucine at position 30. tern, whereas the 7000-75000 component was inactive. 

One of the major problems in the clinical assessment These results are consistent with the presence of an 

of patients with disorders of mineral metabolism has 35 amino terminal active fragment of PTH of approxi- 

been the difficulties encountered with the radiooim- mate I y one-half the size of the glandular hormone in 

munoassay of human parathyroid hormone. There have human hyperparathyroid serum. 

been two basic problems with the immunoassay of The determination of the amino terminal sequence of 
PTH. The first problem, as discussed earlier, has been the human parathyroid hormone now permits the syn- 
the presence in the peripheral circulation of peptide 40 thesis of peptides based on the human sequence for 
fragments of the 84 amino acid polypeptide chain. The both clinical and investigative use. Synthetic fragments, 
antisera from various laboratories undoubtedly have as well as chemical analogues, permit more definitive 
immunological determinants for different regions of studies to be performed on the chemistry of the human 
the intact molecule, thus leading to variable and some- hormone, including the specific residues and the mini- 
times inconsistent results when applied to the measure- mum length of the polypeptide chain that is required 
ment of PTH circulation in human blood. In addition, for biological activity. In addition, these synthetic frag- 
the differentiation by immunoassay of biologically ac- mcnts enable investigators to characterize the heterolo- 
tive amino terminal fragments from inactive fragments gous antisera currently in use in the immunoassay, and 
has as yet been impossible. The second difficulty has ^ to develop specific antisera directed toward the amino 
been the utilization of heterologous assays employing terminal region of the human hormone. Antisera based 
radioactive labeled bovine hormone as the tracer, and on the human sequence will enable more detailed stud- 
antibodies prepared against the bovine or porcine hor- ies to be performed on the nature of the circulating 
mone. The sensitivities of these assays are therefore hormone in man, and its role in calcium homeostasis 
variable, and depend on the cross reactivity of the par- ^ and metabolic bone disease. 

ticular antiserum with the human hormone. As noted Clinically, the synthetic hormone can be used for re- 
above, the human sequence in only the initial third of placement therapy for the natural human parathyroid 
the molecule differs from the bovine by 6 residues and hormone. The peptide L administered in microgram 
the porcine by 5 amino acids. quantities by intravenous (IV) or intramuscular (IM) 
Habener, et al (Nature New Biology 238, 152-154 ^ injection. Actual dosage is dependent on many factors 
(1972) have attempted to circumvent some of these including, but not limited to, the patients tolerance, 
problems with the immunoassay by the development of side effects, and the like, but can be routinely deter 
amino and carboxyi specific antisera. These investiga- mined by one of ordinary skill in the art. The vehicle 
tors have used an antibody prepared against the bovine for the hormone would be any physiologically tolerable 
hormone, and have absorbed their antiserum with ei- 65 vehicle having approximately neutral pH, such as phys- 
ther the synthetic 1-34 bovine fragment, or a 53-84 iological saline solution. The synthetic hormone can 
fragment prepared by chemical cleavage of the native also be used m diagnostic procedures, based on the fact 
bovine hormone. The amino terminal specific antise- that parathyroid hormone produces hypercalcemia, hy- 
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pocalcemia, hyperphosphaturia, and increased urinary tion in methylene chloride to prevent subsequent clog- 
cyclic AMP m normal individuals. In this procedure the ging of the fritted discs of the reaction vessel. A sample 
patient's response is evaluated by administering the of the vacuum-dried product is hydrolyzed in a 1:1 tnix- 
peptkk either IV or IM and the serum calcium, urinary ture of dioxane and 12 N HCI and the liberated amino 
calcium, phosphate, and cyclic AMP is monitored. 5 acid is measured quantitively on an amino acid analy- 
™.™.™.^ *er- "Hie amino acid content is used to calculate the 

amounts of subsequent amino acid derivatives and di- 

The peptides based on the human sequence are syn- cyclohexylcarbodiimide reagent which will be used in 

thesized by either of two known methods. The first is the synthesis. The best range of substitution has been 

the solid phase synthesis technique of R. B. Merrifield 10 0. 1 to 0.3 mm. per gram. The tert-butyloxylcarbonyl 

et al. reported in Advances in Enzymology 32, 22 1 amino acidresins are usually prepared m advance and 

( 1 969) and forming the subject matter of U.S. Pat. No. are stored until needed. 

3,531,258 issued on Sept. 29, 1970, the subject matter The appropriate solvent reservoirs are filled with gla- 

of which is incorporated herein by reference. The sec- rial acetic acid, methylene chloride and commercial 

ond is the classical synthesis described by M. Bo- 15 (99.5%) absolute ethanol. N-N- Dim ethyl form amide ts 

danszky and M. A. Ondetti in Peptide Synthesis, Inter- freed of drmethylamine and formic acid by shaking 

science (New York 1966) the subject matter of which with barium oxide and distillation under reduced pres- 

is incorporated herein by reference. sure. The I N HQ-acetic acid solution is prepared by 

THF SOUD PHASF SYNTHESIS addi " 8 7 °° mI ° f **** aCid t0 the StORIgC 

THE SOLID PHASE SYNTHESIS 20 separatory funncJ and passing in a sIow stream ofBnhy . 

The solid phase method of synthesizing a peptide drous hydrogen chloride. Samples are withdrawn at the 

chain, according to Menifield et al, is based on the fact bottom and titrated for chloride by the Volhard 

that the chain can be synthesized in a stepwise manner method. This solution, when protected by the long coil 

while one end of the chain is covalently attached to an of capillary tubing and drying tube, is stable for several 

insoluble solid support. During the intermediate syn- 25 weeks without a significant decrease in concentration, 

thetic stages the peptide remains in the solid phase and The triethylamine reagent is prepared by mixing 50 ml. 

can therefore be manipulated conveniently without sig- of triethylamine with 450 ml. of purified dimethylform- 

nifkant losses. amide. 

The automation of the process carried on by the ap- The reaction vessel is loaded with a weighed amount 

paratus of Merrifield et al is possible because all of the 30 of the t-BOC amino acid-resin (2 to 4 grams for a small, 

reactions, including the intermediate purification pro- 45 ml. capacity vessel). The stopper is lubricated with 

cedures, are conducted within a single reaction vessel. silicone high vacuum grease and secured in place with 

The apparatus also solves the problem of introducing springs, and the inlet and outlet lines are attached. In 

the proper reagents and solvents into the vessel in the the synthesis three equivalents of each T.— BOC ammo 

proper sequence at the proper times while maintaining 35 acid derivative are used per equivalent of the first 

sufficient flexibility to cope with a wide range of reac- amino acid on the resin. The calculated quantity of 

tions and conditions which may occur due to modtfica- each of the first six amino acids is dissolved in 7 ml. of 

tion of each of the reactions in the synthesis. methylene chloride, filtered if necessary, and placed in 

During the process the solid support is a chlorometh- the amino acid reservoirs in the proper sequence. Be- 

ylated styrene-di vinyl benzene copolymer bead. The C- 40 cause of poor solubility in methylene chloride, 

terminal amino acid is coupled as a benzyl ester to the t. — BOC-nitro-L-arginine is first dissolved in 2 ml. of 

resin and the peptide chain grows one residue at a time dimethylforrnamide and diluted with 5 ml. of methyl* 

by condensation at the amino end with N-acylated ene chloride, while LBOC-im-benzyl-L-histidine is dis- 

amino acids, the tert-butyloxycarbonyl group has been solved in 7 ml. of pure dimethylforrnamide. The t. — 

the protecting group of choice and activation has usu- BOC ammo acid -p nitro phenyl esters are dissolved in 

ally been by the carbo-diimide or active ester routes. 1 6 ml. of pure dimethylforrnamide. During the auto- 

In general in the apparatus of Merrifield et al, the mated synthesis the amino acid solutions arc pumped 

proper reagents and solvents are selected by the solvent completely into the reaction vessel and a precise con- 

and the amino acid selector valves and are transferred ^ centration therefore is not required. The d icy clone x- 

by the metering pump from one of the reservoirs to the ylcarbodiimide solution, on the other hand, is metered 

reaction vessel which contains the peptide-resin. After by the metering pump and the concentration of the rea- 

the desired period of mixing by the shaker the solvents. gent must be calculated for each run. Since the holdup 

excess reagents and by-products are removed to the volume and the total volume pumped are known, the 

waste flask by vacuum filtration. These basic opera- ^ actual volume of diimide solution delivered into the 

tions are repeated in prearranged sequence under elec- " vessel can be calculated. The required quantity of dicy- 

trical control until the synthesis of the desired peptide clohexylcarbodiimide is dissolved in this volume of 

chain is complete. All parts of the apparatus which methylene chloride. The total volume of solution pre- 

come into contact with solvents and reagents are made pared at one time depends on the number of amino 

of glass or chemically resistant polymers. ^ acids to be added. 

Several preliminary operations are necessary before In a typical diimide cycle, the instrument first washes 

the synthesis of a peptide can be started. First, the sup- the resin three times with acetic acid by means of three 

porting resin containing the C-terminal amino acid of sets of pumping, shaking, and outlet steps. The meter- 

the proposed peptide chain must be prepared and ana- ing pump always stops at the end of an exhaust stroke 

lyzed. This is done by esteriflcation of a chloromethyl- 65 to minimize solvent mixing, and the shaker always stops 

ated copolymer of styrene and divinylbenzene with the with the vessel in the upright position to make the fol- 

tert-butyloxycarbonyl (t.— BOC) amino acid. The lowing filtering (outlet) step possible. During the third 

product is freed of very fine particles of resin by flota- of these oudet steps, the solvent valve advances to posi- 
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tion 2, and the HCl-acctic acid reagent is then pumped 
into the vessel. The 30-mmute reaction period neces- 
sary for complete removal of the tert-butyloxycarbony! 
protecting group is obtained by use of three successive 
10- minute shaking steps. 

After this deprotection step, the resin is washed three 
times with acetic acid to remove hydrogen chloride, 
three times with ethanol to remove acetic acid, and 
three times with dimethylformamide. A 10-minutc 
shaking period with triethyiamine in dimethylform- 
amide serves to neutralize the hydrochloride of the 
amino acid on the resin, thus liberating the free amine 
in preparation for coupling with the next protected 
amino acid. Triethyiammontum chloride and excess tri- 
ethyiamine are removed by three washes with dimeth- 
ylformamide, and prepare the resins for the coupling 
step. The L— BOC amino acid solution is then pumped 
into the vessel in a 30-sccond pumping step. On the 
next step (rinse), the pump draws one more stroke of 
air, then three strokes of methylene chloride to flush 
the amino acid line. 

-The next step is a 10-minute shaking operation to 
allow the amino acid to soak into the resin beads. Dur- 
ing this step, the solvent valve advances to the diirnide 
position. At the next step, diimide solution is pumped 25 
for 30 seconds, and then the rinse step adds one more 
stroke of diimide solution and three strokes of methyl- 
ene chloride. The coupling reaction then takes place 
during a 2-hour shaking cycle. After the coupling reac- 
tion, by-products and excess reagents are removed by 
three washes in methylene chloride and two washes in 
ethanol. 

If the end-of-cycle switch is set in the hold position, 
the instrument stops after the third ethanol wash and 
the resin is left suspended in ethanol. If this switch is in 
the "go" position, the drum returns to the beginning of 
the cycle and proceeds to carry out the next cycle of 
operation. The apparatus will continue to operate for 
approximately 24 hours until the coupling cycle of the 
sixth amino acid has been completed. Then the end-of- 
run microswitch stops the apparatus. To continue the 
run, the ammo acid reservoirs are washed (solvents are 
added to the reservoirs and drawn through the amino 
acid valve and the solvent valve to the waste flask 
through the three-way stepcock). The ammo acid res- 
ervoirs are then refilled with the proper new solutions, 
the reagent and solvent reservoirs are replenished if 
necessary. The ammo acid valve is set by a switch to 
position 1 2. The drum is then stepped manually back 
to step 1 to start the coupling of the next six amino acid 
residues. 

Using this apparatus, an active ester coupling cycle 
may be accomplished instead of a diimide cycle using 



some different solvents and reagents with a change in 
order and setting the timers. 

When the synthesis of the desired amino acid se- 
quence has been completed, the peptide-restn is re- 
moved from the reaction vessel with the aid of ethanol, 
filtered, and dried. Weight gain of the resin during the 
synthesis provides an indication of the amount of pep- 
tide incorporated. The peptide is cleaved from the resin 
with HBr-trifluoroacetic acid and subjected to a suit- 
able purification procedure. 

The peptide of the present invention was synthesized 
by the solid phase method as outlined above and de- 
scribed by Merrifteld et al. The peptide was synthesized 
on the Beckman Model 990 Peptide Synthesizer by the 
15 Beckman Company (Palo Alto, Calif.). The resin used 
was 1% cross-linked chloromethylated drvmylbenzene 
polystyrene beads. Coupling of the resin was performed 
using t-butyloxycarbonyl amino acid in the presence of 
dicyclohexycarbodiimide in methylene chloride. The 
20 ammo acid-resin was deblocked with trifluoroacetic 
acid in methylene chloride, and neutralized with trieth- 
yiamine. Following the addition of the thirty fourth res- 
idue to the chain, the peptide was removed from the 
resin with liquid hydrogen fluoride. 

In the drawings, and throughout this application, 
standard abbreviations are used according to the no- 
menclature: 



30 



35 



40 



45 



Serine s^r 

Valine VaJ 

Glutnmic Glu 
acid 

bofeucinc He 

Glutarome Gin 

Leucine Leu 

Methionine Met 

Hfrtidme H» 

Glycine Gty 

Asparagme Asn 

Lysine Ly* 

Alanine Arg 

Trytophan Tip 

Phenylalanine Phe 

Other abbreviations ate: 

Boc t-butyloxycarbonyl 

Bpoc 24 p-biphenyly I Hsopropyloxycarbonyl- 

But t btttyl 

DCCI dicyclohexylcarbodtimtdc 

Hobt t-aydroybefu»triazote 

Trt Trityl- 

Z benzyloxycarbonyl- 



50 



THE CLASSICAL SYNTHESIS 

ITie peptide was also synthesized by a team at Ciba- 
Geyz AG (Bosle, Switzerland) using the classical meth- 
od described by Bodansky et al. Intermediate products 
III, IV, VI, Vin T X and XII were prepared by standard 
methods. All the intermediate products are designated 
by the numbers III— XII in Table I. 



TABLE I 



FORMULAS OF THE PROTECTED INTERMEDIATE PRODUCTS III-XII 
No. Sequence Formub 



ni 29-34 H-Gin-Leu-Val-Hfe-Asn-pbc-OBut 
Boc Boc Boc 

IV 25-28 Z-Ars-Lys.Lys-Ly*-0© 

H® Boc Boc Boc H© 

V 25-34 HjArg LyvLys.LyvG1n-lxu-Val-His-Asn-pne OBul.3ClO 

OBut H® 

V! IS- 2 4 BpooMet-Glu — Arg-Val-Gln-Trp^Leu-O© 
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TABLE I -Continued 



FORMULAS OF THE PROTECTED INTERMEDIATE PRODUCTS W-XH 
No. Sequence Formula 

OButH® H® Boc Boc Boc H® 

0 | | | j I | 

VII 18-34 HrMet-GIu-Arg-VaKHnTrp-Lcu-Arg-L^^ 

Boc But 
t | 

VIII 13-17 Bpoc-tys-His-Len-Asn-Ser-NHNHt 

BocH® But OBut H® H® Boc Boc Boc 

IX 13-34 »&YS-Hn^^-Asa-Scf-Me4-<^ 

Leo-ValJfivAsn-fjhe-Obol.sa 6 
OBat 

X 4-12 Trt<lh^le-Gln-Leu-Mct-H»~Asn-Uu-ay-OH 

OBut H® BocH® But ' OButH® 

XI 4-34 I^^He-Ghi-Leu^et-Ht^ 

H# Boc Boc Boc 

VaKfl^Tn>4^-Arg4.yi-Ly$4,y^n-^ 



But Bat 
XII 1-3 Boc-Scr-Va! 



iJcrNHNHt 



From the intermediate products III-XII, the final se- ^ Sequence 1 3-34 (IX). 

- quence 1-34 (II) was formed. II is the protected se- \ m ^ j *i_ -j , , - 

i iji **u il ii -jo* . VH was condensed with the azide, produced from 

quence 1-34, with the Boc and But protecting groups WT11 ^ , .~ . n j - » * 

M . 4 . , o * * ^ t-7 ™» . • v nl and then purified, the Bpoc -derivative thus ob- 

on position 1 , But on positions 3, and 1 7, OBut on post- , ■ , f Vv l * . 

tionsV 19. and 34. and Boc on positions 13, 26^27, J TOm ** by J™*™ of ««ntePainait. 

and 28. II was foimed by the scheme: ,, ^ U /T „ " , J? meU,anol/a m mon.uin- 

35 acetate/chloroform/carbon tetrachloride system al- 
io! ready described (K=0.65). Rf(S)=O40 in a 2- 
IV | 1 v 1 , 1r1I i butanol/acetic acid /water (67:10:23) system (system 

vij 1 — *-ix| 96 ),»=0. 30 in system 100. the Bpoc-group was again re- 

^"1 x ^ 1 ^ „ moved with HCI in trifluoroethanol and IX as the pen- 

} xnj 40 tahydrochloride, Rf(S)— 0.23 (system 96) was ob- 

tained. 

In the following description Rf refers to thin layer { Siumy\\ * ***** 1 - Con * <*<*°*>» Chtm Cowmm. 26, 

chromatography. S denotes silica gel and C denotes c _ , 

^ f| o ;l c Sequence 4-34 (XI). 

cellulose plates. 4, 

IX was then coupled with X by means of DCCI-HOBt 
Sequence 15-34 (V) and the trityl-derivative from XI was the purified by 

Fragments HI and IV were combined by means of means of counter-current-distribution (system as in 
DCCI— HOBt7. The crude product was precipitated IX >» K 0 35; Rf(S)=0.28 in system 100. The trity! 
from acetonitrile-water and was chromatographed by 50 S rou P was then removed by HO in trifluoroethanol to 
thin layer chromatography using silica gel and an acetic the hexahydrochloride of XI, Rf( S )=0.36 in system 96. 

ester, pyridine acetic acid, water (61:21:6:1 1 ) solvent Protected Seauence 1-34 fin 

system (system 100), Rf (S=0.32). The Z-group was Protected Sequence 1-34 (II). 

removed by means of catalytic hydrogenation over XI was coupled, according to Honzl and Rudinger 

Pd/C. 3 eq. of HCI were simultaneously added. V was 55 with tne which was produced from XII, and the 

obtained as the trihydrochloride. raw product in a methanol/. 2M aqueous ammonium 

(7). Konig. w. & Oetger. R., Cbem. Bei., 103. 788 (1970). acetate (pH=4.75 )/chloroform/carbon tetrachloride 



Sequence 18-34 (VII). 1 ™* A ^ m \™- 21 * ■» ^tem 96; 

n ' =0.30 in system 100. 

Coupling of V with the fragment 18-24 (VI) by ^ 
means of DCCI-HOBt produced the Bpoc-derivative of Free Huma " P™- 

VII. This was then purified by means of The protecting groups were removed from II by 
counter-current-distribution in a methanol/0.1 M aque- means of concentrated hydrochloric acid (10 min., at 
ous ammonium acetate (pH-7.0)/chloroform/carbon 0°C) and the hydrochloride of the peptide (I) was 
tetrachloride 10:4:7:3 system (K=0. 33). Rf(S)=0. 16 in 65 added to the acetate via ion-exchange. The peptide 
system 1 00. Separating the Bpoc-group by means of thus obtained contained only very small amounts of by- 
HCI in trifluroethanol produced the tetrahydrochloride products, mainly a mixture of a methionine-S-oxide- 
VII. derivative. 



11 

Characterization: 
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Rf( C)=0.36 hi a 1 -butanol/pyridine/acetic acid/wa- 
ter, 38:20:5:24, system (system 151); =0.54 (system 
54), Thin layer electrophoresis in HCI in trifluoro- 5 
ethanol, pH-1.9, 90 min., 16 V/cm, running path of 
6cm to the cathode. Distribution Coefficient K=0.12 
(n-butanol/0.2M aqueous ammonium acetate 
(pH*=4.75 )/methanol 4:4: 1 ). 

Amino- Acid- Analysts 1 0 

(Hydrolysis 15 hours, 118°, 6N HCI) Trp 0.51 (I) 
(the content of a Trp residue in unhydrolyzed I resulted 
m a uv spectrum Xmax=280,288nm); Lys 3.85 (4); His 
2.75 (3); Arg 1.88 (2); Asp 3.05 (3); Ser 2.47 (3); Glu 15 
5.06 (5); Gry 1.07(1); Val 3.16(3); Met 1.96 (2); He 
1.03 (1); Leu 4.75 (5); Phe (base value) 1.00. 

Mcthionine-S -Oxide-Derivative : 

a. mixture of the Met*- and Met IB -mono-S-oxide (1 in 20 
0.6% aqueous H*Oa » 3 min. 25°) Rf(C>=0.29 in system 



151; =0.45 in a 1-butanoi/pyridme/acetk acid/water, 
38:24:8:30, system (system 101); =0.48 in a 2- 
butanol/2-propanol/9% chloroacetic acid, 
58:8:34:(v/v), system (system 54). 

b. Mct 8JS -di-S-oxide (1 in 0.6% aqueous H t O, 45 
min., 25°); Rf(C)=0.2l in system 151; =0.39 in system 
100; =0.43 in system 54. 

Biological Activity. 

I showed in the thyro-parathyroid ectomy rat, 2 hours 
alter intraveneous injection, in dosages of 100 and 500 
fig, a clear increase of the calcium concentration in the 
serum. 

What is claimed is: 

1. The peptide represented by the L-isomers of: 
HzN-Ser-Val-Ser-Glu-Ile-Gln-Leu-Met-His-Asn-Leu- 
Gly-Lys-His-Leu-Asn-Ser-Met-Glu-Arg-Vai-Gm- 
Trp'Leu-Arg-Lys-Lys-Lys-Gln-Leu-Val-His-Asn- 
Phe-R, wherein R is a carboxyl group. 
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Human parathyroid hormone, hPTH(l-84). was synthesized hv f h. 
«or^h° nal A f? 1Uti ° n P roced «" ^PPlying'the maSal^ oLcLon 
thl w JLm. 5" P ^ teCtl !? S gr ° Ups were removed simultaneously by 
the HF method. The product was purified by CM- cellulose column 
chromatography, gel-filtration on Sephadex G-50 and in the fiSS 
stage, by reversed phase HPL C. The srn.rm r. Q f the fi n li \ -i 

was confirmed not nnly bv HPT.P 

analys ts hnr a 1 »n tw n.^?^!, " ! 



5KfSf-£fm Wu2 ;«Mt«.m UBBLC The present product showed 
WWW) iu/mg on iM_vitzo rat renal adenylate cyclase assay 



The amino acid sequence of human parathyroid hormone, hPTH. 
was originally determined by Keutmann et al^(l) in 1978 as a 
single-chain polypeptide with 84 amino acid residues, and the 
total synthesis was successfully done for the first time by our 
research group in 1981 (2). Immediately after our synthesis, the 
structure was revised by Hendy et al. (3) to have Asn instead of 
Asp at position 76 in Keutmann's structure, based. on deduction 
from sequence analysis of cDNA cloned for human preproPTH. This 
communication reports the solution synthesis of [ Asn ' * ] -hPTH(l- 
84) and the characterization of the product. 

MATERIALS AND METHOnq 

Materials. DPCC-treated trypsinfEC 1 L ?i / i 

froi Siema Chemical* r n <- r ypsiniti. J. 4. 21.4.) was purchased 

oigiud Lnemicais (,o . , and ammo pepcidase-Mf Fr 1 l n ■> \ 

Purchased from Pierce Chemical f n , "UC J . 4. 11 . 2 . ) was 



^I^tions: WSCI water soluble carbodiimide . l-echyl-3- (3- 
^bamyl cnloriae ' ' 'N-dimethylf ormamide ; DPCC , diphenyl 
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Peptide Synthesis. [Asn 7 6 ] -hPTH.was synthesized by the 
conventional solution procedure as shown in Fig. 1. Condensation 
reaction of each segment was carried out in DMF or N-methylpyr- 
rolidone by the WSCI/HOBT method after removal of the terminal 
Boc- or Pac group. The fully protected product was deprotected 
by the HF method using an HF reaction apparatus, Protein Research 
Foundation Type I. The crude product was purified on a column 
of CM-cellulose , Sephadex G-50 and then by reversed -phase HPLC. 

Reversed-Phase HPLC. i PLC was performed on a Hitachi Liquid 
Chromatograph Model 638 equipped with a column of Nucleosil 
5C,g (150 x A mm). All runs were performed at ambient tempera- 
ture at a flow rate of 1.0 ml/min. Other conditions are given 
in each figure legend. 

HPLC Mapping of Tryptic Digests. A solution of Peptide (AO 
yg) in AO ul or water were treated with a water-solution of DPCC 
treated trypsin(2.5 wg/5 ul) at 37°C; pH of the mixture was 6. 
After 30 min; 12 yl of the whole mixture was applied to the 
reversed-phase HPLC system. 

Biological activity. Biological potency of hPTH was measured 
by in vitro assay of the rat -kidney adenylate cyclase activity 
following the procedure developed by Marcus and Aurbach (A) using 
WHO bovine PTH(1-8A) as the standard. 



RESULTS AND DISCUSSION 
The principle of the present synthesis is based on the maximum 
protection strategy using stable protective groups at the side 
*.jchains (5) . The whole molecule was assembled with 13 segments 
by the route shown in Fig. 1. Boc-amino acids developed 
for Merrifield's solid phase procedure were used for stepwise 
synthesis of each segment in solution, which was started from the 
C- terminal amino acid Pac ester by the WSCI/HOBT method or by the 
active escer method. Each segment was also coupled by the 
WSCI/HOBT method after removal of the terminal Boc or Pac group; 
the latter group was removed by warming the peptide with 2n 
powder in acetic acid. No particular difficulty was encountered 
in the segment: condensation reactions in solution when DMF or 
N-met hy i -pyrro 1 idone was used as the solvent. 

The fully protected 8^-peptide thus obtained was treated with 
HF at 0°C for 1 hr in the presence of anisole , methionine, 
dimethyl sulf ide and e thanedithiol as scavengers. The crude 
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w Bfl Bzl OBzl 

Boc-Ser-Val-Ser-Ciu-Ile-Cln-Leu-OPac (1-7) 
Boc-Met-His-Asn-Leu-Gly-OPac (8-12) 



C12 Bzl 
Boc-Lys-His-Leu-Asn-Ser-OPac (13-17) 

OBzl Tos OBzl 
Boc-Met-Glu-Arg-Val-clu-OPac (18-22 

fpa C1Z C12 
Boc-Trp-Lcu-Arg-Lys-Lys-Leu-OPac (23-28)- 
OBzl 

Boc-Cln-Asp-V.l-His-Asn.Phe-Val-Ala-Leu-Gly-OPac (29-38) 

Boc-Ala-Pro-Leu-Ala-Pro-OPac (39-43)- 

Jos OBzl b ? i tos 

Boc-Arg-Asp-Ala-Gly-Scr-Gln-Afg-Pro-OPac (44-51>— 

Tos C12 C12 OBzl OBzl | 

Boc-Atg-Lys-Lys-Glu-Asp-Asn.Val-Leu-OPac (52-59)— I 

OBzl Bzl OBzl *12 Bzl 
Boc-Val-Glu-S4r-H i s-Ci U -Sf-s B e^- L e U -Cl y -OP a c (60-68 
4 OBzl OBzl C12 

Boc-Clu-Ala-Asp-Lys-Ala-OPac (69-73) 



OBzl 



Boc-Asp-Val-Asn-Val-Leu-OPac (74-78)- 



Bzl C1Z C12 Bzl 

Boc-Thr-Lys-Ala-L^s-SJsr-Cln-OBzl (79-84 




HF / Scavengers 



M 



Crude hPTH( 1 - 84 ) 

««• 1. Coupling route for the syn C nes 1S o£ ,Asn - , -hPTH(l- 8A ) . 

Product was fractionated on a CM-cellulose column using a^oniu, 
acetate solution with linear gradient concentrations from 0 05 
« P« 5 to 0.4 M at pH 6. and then by gel-f iltraCl0n on Sephadex 
'-50 using 1 „ acetic acid as the solvenc ^ 

ephadex chromatogram was developed on a gradient HPLC system 
dg. 2); the nain peak here was collected from several different 
*»• and rechromatographed on an isocratic HPLC system- the 
|jgon profile is shown in Fig. 3. The homogeneity of each 
^ion of the broad peak was checked with a similar HPLC system 
*-« analytical conditions; fractions showing a single peak on 



4Q< 



Vol. 1 14, No. 2, 1983 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 




0 5 10 15 20 25 X 35 

win 

Fig. 2. HPLC profile of crude product obtained after gel-f titra- 
tion on Sephadex G-50. 8 
Eluant: 0.1 M NaCl(pH 2.4) containing MeCK. which was 
gradiently increased from 27.51 to 40Z. 

analytical HPLC were collected and lyophilized to obtain a final 
product . 

Amino acid analysis of an acid hydrolyzate and an Ap-M digest 
revealed that the product contained all component amino acids in 
the expected ratios (Table 1) . When the final product was 
treated with a dilute aqueous hydrogen peroxide solution, the 
reaction mixture showed four peaks on HPLC including that of the 
intact molecule (Fig. 4). The formation of three additional 



Fig. 




i r 

10 20mln 

Separation of final product. h-PTH(l-84) on HPLC 
I 1 soc rat ic HPLC profile of collected materials.' 

roA^r riCy C * eCk ° f eaCh frac "-°n ^ I under analytical 
conditions; fractions C.D.E ar.o F were pooled for 
lyophilization as the purified material. Eluant- 3U 
MeCN in 0.1 M NaCl(pH 2.4). k 
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Tab le 1. Amino acid analyses of synthetic [ Asn 7 6 ] -hPTH . 
Amino Acid Expected 6 N-HC1 Ap-M 

5i 4 3.60 3.60 



m * 9 10.08 

A*g 5 5.15 

Asp 5 

Asp+Asn 10 10.00 

Thr 1 0 99 

Thr-KJln 5 

e s « 7 5.74 

Ser+Asn 12 

Glu-KUn 11 10 .32 

Cit+Clu 12 

Pro 3 2.74 



3.76 

3.85 
11.40 



10.80 
3.24 



Cly 4 4.00 4.*00 

uif l 707 6.86 

HI « 7.76 7.52 

Met 2 1.20 1.12 

T Ile *" 1 0.77 0.90 

Leu in 9.90 9.20 

™ c } 1.01 1.04 

Tr P 1 0.53 0 52 



peaks may be explained by the partial or complete oxidation of 
the Met residues to the sulfoxides since the hPTH molecule 
contains two Met residues at positions 8 and 18. This observa- 
tion proved that the purified material was free of contamination 
from oxidized peptides. 



T 



16 



> II 
I 




20 2 5 30 35mm 

fg. 4. HPLC profile of purified synthetic hPTH(i-84) and it 
hydrogen peroxide- treated products 
1. hPTH(l~84) II. Oxidized products pi 
(pH 2.4) contaii ' 
from 107. to 507. 



/_ u n , * tiuant : 0.1 M NaCl 

i^ 2 M containing MeCN. which was gradiencly increased 
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Fig. 5. Separation of Asn- and Asp-hPTH(l-84) on HPLC. 

I. [Asp'*]-hPTH II. [Asn >4 )-hPTH m. Mixture of Asp- 
and Asn-PTH. Eluant: 31Z MeCN in 0.1 M NaCl (pH 2.0). 

Our HPLC system showed enough resolution power for analyzing 
analogs of hPTH(23-84) containing Asp or Asn at position 76. 
However, the system failed to separate [Asn 76 ]- and [Asp^*]- 
hPTH(l-84) molecules into two peaks when they were injected onto 
the column as a mixture (see Fig. 5). Thus, the homogeneity had 
tb be checked by other means. HPLC mapping of the trypsin digest, 
was compared with those of some other synthetic peptides as 
references (Fig. 6). All peaks in the chromatograms were 
assigned as shown in the figure. In the chromatogram of the 
present product, all the expected fragments were observed and no 
unwanted peaks appeared. The present product might have been 

contaminated by D-Clu 2 2 -containing peptide since the last coupl- 

/ 

ing reaction was performed between segments (1-22) and (23-84), 
but no D-Clu : : -containing fragment (21-25) was detected by tryptic 
mapping within the range of resolution. Thus, We concluded 
that our present product was reasonably homogeneous . The 
product showed 350(249-480) lU/mg in the rat-kidney adenylate 
cyclase assay. The specific optical rotation value was observed 



to be: [a] 



20 



■89.2°(c 0.2, 1% AcOH). 
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I. A«n-hPTH(l-8* I hS , Lf r ^thecic peptides. 



60 min 



^-suientui-oj. Eluanr • in mM^u « J con taining 

containing 50 m ^SO^^Tcu ^cT^n^a^ " 6 > 



gradiently from 2Z to 507.. 
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COMPARISON OF REVERSED-PHASE AND CATION-EXCHANGE HIGH- 
PERFORMANCE LIQUID CHROMATOGRAPHY FOR SEPARATING 
CLOSELY RELATED PEPTIDES: SEPARATION OF ASP 76 -HUMAN PARA- 
THYROID HORMONE (1-84) FROM ASN 76 -HUMAN PARATHYROID HOR- 
MONE (1-84) 



KUMIKO YOSHIZAWA KUMAGAYE, MICHIHIRO TAICAI, NAOYOSHI CHINO, TERUTOSHI 
KIMURA and SHUMPEI SAKAK1BARA* 

Peptide Institute. Inc.. Protein Research Foundation, Minoh-shi. Osaka 562 (Japan) 



SUMMARY 

Cation-exchange high-performance liquid chromatography (CE-HPLC) was 
compared with ordinary reversed-phase high-performance liquid chromatography 
(RP-HPLC) for separating closely related peptides. Some synthetic samples of bra- 
dykinin and angiotensins, which were homogeneous according to RP-HPLC, were 
found to be inhomogeneous when analyzed by CE-HPLC. On the other hand, dia- 
stereomeric peptides could be separated much more efficiently by RP-HPLC than by 
CE-HPLC. These results indicated that the purity of synthetic peptides chould be 
checked not only by RP-HPLC but also by ion-exchange HPLC. In the case of 
human parathyroid hormone (hPTH), baseline separation of Asp 76 -hPTH from 
Asn 7 *-hPTH by RP-HPLC was not possible, but was by CE-HPLC. Using this 
method we confirmed that the Asn residue in hPTH at position 76 could not be 
converted into the Asp residue under the conditions used to isolate and purify it from 
human organs. 



INTRODUCTION 

In 1978. Keutmann et al. } found the amino acid sequence of human parathy- 
roid hormone (hPTH) to be a linear peptide with 84 amino acid residues when they 
applied Edman degradation reactions to an isolated hormone. The structure of the 
same peptide was deduced by Hendy et al. z from sequence analysis of the cDNA; 
both structures were identical except for the residue at position 76, which was thought 
to be Asp from the Edman degradation analysis and Asn from the DNA analysis. 
When the new structure was reported, the previous one with Asp at position 76 was 
suspected to be an artifact which might have been formed by spontaneous deami- 
dation of the Asn residue during isolation or purification of the natural peptide. To 
verify this, we synthesized both Asn 70 -hPTH and Asp^-hPTH bv the solution pro - 
cedure 3 *, and examined their separation bv ordinary reversed-phase high-perform - 
ance liquid chromatography fRP-HPLQ . Under isocratic conditions, the hormones 

O02I-9673/85/5O3.30 © 1985 Elsevier Science Publishers B.V. 
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were eluted very close together but with clearly different retention times. However, 
when injected into the same column as a mixture, the peptides were eluted together 
as a rather broad peak 4 - 5 . In the present study we have tried to establish conditions 
for separating such closely related peptides by HPLC. 

Recently, ion-exchange type columns have been introduced for HPLC and 
their usefulness in separating peptides and proteins has been reported 6 - 7 . In order to 
elucidate the characteristic features of the new technique, we compared the resolving 
power of cation-exchange HPLC (CE-HPLC) with that of ordinary RP-HPLC by 
using some synthetic peptides as test samples. We also used the CE-HPLC technique 
to find the conditions for separation of the two hPTH analogues, and then applied 
them to determine whether or not Asp 7 *-hPTH is an artifact formed during isolation 
of hPTH from organs. 

EXPERIMENTAL 

Materials 

Commercial samples of angiotensin I (AngI) and bradykinin (BK) were pur- 
chased from Peninsula Laboratories (Belmont, CA, U.S.A.), UCB Byproducts 
(Bruxelles, Belgium) and Bachem (Bubendorf, Switzerland). Other peptides were syn- 
thesized by solution procedures in our laboratory using previously reported 
methods 8 . The reagents and solvents for chromatography were of HPLC-reagent 
grade. The water used was distilled in a Toyo Aquarius Model GS-20N still (Toyo 
Kagakusangyo, Tokyo, Japan). 

CE-HPLC 

CE-HPLC was carried out on a Shimadzu liquid chromatograph Model LC- 
4A (Kyoto, Japan) equipped with a Rheodyne 7125 syringe-loading sample injector, 
a Shimadzu variable-wavelength UV detector Model SPD-2AS, a Shimadzu column 
oven Model CTO-2AS and a Shimadzu data processor Chromatopac C-R2AX. The 
column (250 x 4.6 mm I.D.) was packed with a cation-exchange resin, TSK gel 
CM-2SW (Toyo Soda. Tokyo. Japan). Two solvent systems were used: A, 10% ace- 
tonitrile in 20 mM sodium phosphate buffer (pH 6.0); B, 10% acetonitrile in 20 mA/ 
sodium phosphatr buffer (pH 7.0) containing 0.5 M sodium chloride. Elution was 
performed at 42*C at a flow-rate of 0.8 ml/min; other conditions are as stated in the 
Figs. 

RP-HPLC 

RP-HPLC was performed on a Hitachi liquid chromatograph Model 638-30 
equipped with a multi-wavelength UV monitor Model 635M (Tokyo, Japan); the 
column (150 x 4.0 mm I.D.) was packed with Nucleosil 5 C| 8 (Macherey-Nagel. 
Duren. F.R.G.). Chromatography was carried out at a flow-rate of 1.0 ml/min at 
ambient temperature unless stated otherwise. 

Test of conversion of Asn 16 -hPTH into Asp lt -hPTH 

Asn- G -hPTH (15 pg) was dissolved in 75 p\ each of water, 0.1 M ammonium 
acetate buffer (pH 2.5. 5.0 or 7.5), 0. 1 M ammonium hydrogen carbonate buffer (pH 
8.7) or 4% trichloroacetic acid (TCA). After the solution had been kept for I day or 
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5 days at room temperature, 35 tx\ from each solution were lyophilized twice; the 
residue was dissolved in 20 mM sodium phosphate buffer (pH 6.0) and subjected to 
HPLC. With the TCA solution, the whole mixture was lyophilized after it had been 
kept for 1 day at room temperature, and the residue was subjected to HPLC after 
it had been dissolved in a 20 mM sodium phosphate buffer (pH 6.0). 

RESULTS AND DISCUSSION 

As reported previously 9 , various angiotensin II (AngH) analogues, such as 
0-Asp 1 -, D-Asp 1 -, D-TyrS Val 5 -, Leu 5 -, des-Ue 5 -, D-His«- and D-Phe 8 -AngII, were 
clearly separated by RP-HPLC, except for 0-Asp l -AngII, which is always ehited 
together with Asp'-Angll in our RP-HPLC system. The separation could be slightly 
improved by increasing the pH of the buffer system, but it was far from a baseline 
separation. CE-HPLC enabled a clear separation of the two AngH analogues as 
shown in Fig. 1. These results indicate that the purity of synthetic peptides containing 
Asp residue(s) should be checked not only by RP-HPLC but also by CE-HPLC. 
Particularly important is the detection of ^-Asp-containing peptide since some Asp 
residue(s) in peptides have a great tendency to be converted into 0-Asp residue(s) 
during various steps of their synthesis. We applied these techniques to test the hom- 
ogeneity of commercially available samples of Angl. As expected in RP-HPLC, all 
samples looked homogeneous, but in CE-HPLC they were found to be contaminated 
by 0-Asp-AngI, in the range of 2.3-17%, and by various other minor contaminants; 
a typical elution pattern is shown in Fig. 2. 
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Fig I. Separation of 0-Asp l - and Asp'-angiotensin II by CE-HPLC Column: TSK gel CM-2SW (250 
« 4 6 mm I.D.). The column was equilibrated with solvent A. and then the peptide was eluted with solvent 
B using a gradient as shown in the figure See text for other details. Peaks: I = /F-Asp'-Angll: II = 
Asp ; *AngII 

Next, wc tested the homogeneity of commercial bradykinin (BK) samples since 
this peptide is also widely available. Only one commercial sample gave a single peak 
in RP-HPLC but the shape was somewhat broader than that of our standard sample. 
Even the best sample gave a relatively large extra peak in CE-HPLC as shown in Fig. 
3; the peak area was about 13% of the total. The structure of the component in the 
side peak was examined by chymotryptic mapping in HPLC a;nd by amino acid 
analysis: it was confirmed to contain a normal bradykinin sequence (1-8), identical 
with that isolated from an authentic sample, together with one Orn residue instead 
of one Arg residue. Thus, the main component of the side peak was Orn 9 -BK. 
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(a) RP 



I ♦ II 



(b) CE 



< : 



i - 



Fig. 2. RP- and CE-HPLC profiles of a commercial Angl. (a) RP-HPLC. Column: Nudeosil 5C18 (150 
x 4 mm I.D.). Gradient: 10-60% acetonitrile in 10 mM H9PO4-K2HPO4 (pH 2.6) containing 50 roAf 
Na 2 SO*. (b) CE-HPLC. Column and elution conditions as in Fig. 1. Peaks: I * l-Asp'-Aagl; II - 
Asp'-Angl. 



(a) RP 



(b) CE 



< ; - 



• so ~ 



Fig. 3. RP- and CE-HPLC profiles of a commercial bradykinin. (a) RP-HPLC. Column and elution 
conditions as in Fig. 2. (b) CE-HPLC. Column as described in Fig. I. It was equilibrated with 20% B in 
A before applying the peptide: then (he peptide was eluted with solvent 8 using a gradient as shown. 
Peaks: I = Orn°-BK; II = BK. 



Today, many peptides are synthesized by a solid-phase procedure and purified 
simply by a RP-HPLC system; the present results clearly indicate that the purification 
of synthetic peptides by RP-HPLC is not sufficient to obtain homogeneous products. 

With regard to the separation of peptide diastereomers, the usefulness of 
RP-HPLC has been recognized by many groups, and several examples of diaster- 
eomer separation have been reported by Dizdaroglu*s group 10, 11 , who used a weak 
amon-exchange column. We also tried to separate D-Ala 73 ,Asp 7 MiPTH (39-84) from 
the L-peptide by our CE-HPLC. but we were unsuccessful despite the good separation 
of the same compounds in our RP-HPLC system 5 . A similar result was obtained 
with a pair of shorter peptides, D-Glu 22 -hPTH (18-28) and its L-isomer. However, 
in the case of human growth hormone-releasing factor (hGRF), D-Leu 22 -hGRF(l- 
44)-NH : was clearly separated from its original L-pcptide not only by RP-HPLC 12 
but also by CE-HPLC as shown in Fig. 4. From these observations, we concluded 
that some diastereomeric isomers can be separated by IE-HPLC but the system may 
not be suitable in general for detecting racemization during peptide synthesis. 

Finally, we examined the separation of Asp 7ft -hPTH (1-84) from Asn 76 -hPTH 
by the CE-HPLC system. Clear separation was achieved even when a 1:1 mixture 
was applied, as shown in Fig. 5. This CE-HPLC technique was then used to detect 
possible conversion of the Asn residue into Asp under the various conditions used 
to isolate and purify natural hPTH; that is, the peptides were kept in water, 0.1 M 
ammonium acetate solution (pH 2.5, 5.0 or 7.5), 0.1 M ammonium hydrogen car- 
bonate solution (pH 8.7) or 4% TCA solution for a maximum of 5 days at room 
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Fig. 4. Separation of D-Lcu"-hGRF(I-W>-NH 2 and the all-L-peptide by CE-HPLC Column and elution 
conditions as in Fig. 3b. Peaks: I » r>L*u»-hGRF(l-44)-NHj; II * hGRF(l-44)-NHj. 
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Fig. 5. Separation of Asp* 6 - and Asn 



30 40 min 

r*.hPTH(!-84) by CE-HPLC. (a) Application of compound I only; 
(b) application of compound II only; (c) application of a mixture of I and II. Column and elution con- 
ditions as in Frg. 3b. Peaks; I = Asp' *.hPTH{ 1-84); II = Asn^-hPTH( 1-84). Arrows indicate the peak 
positions of Met(0)-containing peptides 

temperature 1 *. No clear evidence of conversion of the Asn residue into Asp was 
obtained. Recently, deed ct a/.' 4 confirmed, by using radioimmunoassay, that our 
synthetic Asn" 6 -hPTH had better cross-reactivity with an antibody, raised against an 
isolated natural hPTH, than our Asp^-hPTH. Furthermore, the cross-reaction curve 
of Asn ?6 -hPTH was completely parallel to that of the natural hormone. From this 
evidence, together with the results of the above conversion tests, we concluded that 
the Asp" 6 structure claimed for hPTH might have been due to misreading the results 
of the original Edman degradation reactions. 
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Human Parathyroid Hormone: Amino-Acid Sequence of the Amino-Terminal 
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.STRACT Human parathyroid hormone ha« been 
lated ln highly purified form from human parathyroid 
'<nomas. The primary sequence of the ami no-terminal 
residue* of the human hormone was obtained by auto- 
tech degradation with a Berk man Sequencer. The 
Tnylthiohydantoin amino acid* were identified by 
omatogruphy and mwg spectrometry. The fim^* 
"lue* of human parathyroid hormone di/Ter from the 
mc hormone by *ix residues, and from the porcine 
nnonc by five residues. The amino- terminal residue i« 
ine, aimi ar to the porcine parathyroid hormone: 
vine parathyroid hormone contains an ami no- terminal 
. .nine. Human parathyroid hormone contains two 
i -thioninc residues, similar to the bovine species, whorea» 
? rcine parathyroid hormone contains a single methionine 
i Mduc. Amino-acid residues in the fir*t 34 that arc unique 
J the human sequence include an asparaginc at position 
. glutamine at position 22, lysine at position 28, and u 
J ucinc at positio n 30. 

1' .ring the last few years, a significant core of information 
ocen obtained by several laboratories on the chemistry, 
tiosyr.thesis, and secretion of parathyroid hormone (PTfl)! 
1 nese studies have indicated that this hormone is initially 
synthesized as a prohormone, proparathyroid hormone (1-4). 
. Proparathyroid hormone contains about IOC amino acids, 
tmc his an apparent molecular weight of 12,500 (4). The 
prohormone is rapidly converted into the .stora-l- or glandular 
torn or the hormone, which consists of 84 amino acids and 
ha* a molecular weight of 9500. The complete amino-acid 
sequences of the $4 ammo-acid parathyroid hormone from 
fcovsne (5, 6) and porcine (7) species have been reported. After 
appropriate physiological stimuli, the 9500 molecular weight 
:orm of the parathyroid hormone is secreted into the circula- 
tion (S). Shortly after entering the peripheral circulation, 
the glandular form of the hormone is cleaved into smaller 
fragments. Gel nitration of human hyperpamthyroid serum 
03- several investigators has revealed a major immunoreactive 
fragment (s), with a molecular weight of 5000-8000, and 
several minor con;poi.ents (8-10). Immunochemical hetero- 
geneity or the cirr-ulating human parathvreid hormone, pre- 
sumably due to the different molecular forms of PTH Was 
ir.itidly reported by Bewon and Yalow (H), and has 'been 
confirmed Dy others (12, 13). The specific site(s) of cleava-e 
w the S4-am;no-acid polypeptide chain of the parathyroid 
fcorrr.or.e in the '„meral circulation is unknown. A biologi- 



cally active peptide fragment of bovine PTH, prepared by 
dilute acid cleavage, has been reported (14, 15), a result indi- 
cating that the intact S^amino-acid polypeptide i* not needed 
for biological activity. This peptide ha* been identified as the 
ammo-terminal peptide of the hormone, and is composed of 
the initial 30 residues of the sequence (15). Svnthetic peptides 
of the first 34 residues of the bovine hormone (16) and the 
initial 30 residues of the porcine hormone (17) have been pre- 
pared and are biologically active, thereby confirming the 
localization of the biologically active region of the parathyroid 
hormone to the amiuo-terminal third of the 84-amino*cid 
polypeptide chain. 

The purpose of this communication is to report the amino- 
termina! sequence of the first 34 residues of human para- 
thyroid hormone A and to compare the amino-terminal .se- 
quence of the human hormone to that of the bovine and 
porcine species. 



MATERIALS AM) METHODS 




■brcviAtioii: PTH. parathyroid hormone 



The human parathyroid h ormone used in these st udies was 
isolated from p^thT-rnir! *A* n «m r nht.,.. ^ trem mt |» nr y 
undergoing surgerv for h ynenxarathvroidism . Priori TSv^w 
parathyroid tissue was initially extracted with 8 M urea in 
0.2 X hydrochloric acid, and fractionated with ether, acetic 
acid, sodium chloride, and trichloroacetic acid (TOA powder) 
(18). The TCA powder was further purified by gel filtration, 
followed by ion-exchange chromatography « J: i C.M-sephadex 
with an ammonium acetate gradient. Isolation of the hor- 
mone was monitored by radioimmunoassay and di*c-gel 
electrophoresis. The procedures u*ed in the isolation and 
characterization of the hormone will be described in detail 
inabeparate report. 

Amino-acid analyses were performed ou a Herkman- 
Spinco automatic amino-acid analyzer, model 120B n r 121 
adapted for high sensitivity or with a Durrum model 500 
analyzer. Analytical disc-gel electro pho res-is w a * performed 
in S M urea at pll 4.4 (19). Immunoassays xvere performed by 
the procedure of Arnaud ct al, (20). 

Automated Edman degradations were performed with the 
Beckman Sequencer, model 890U, in 1 _\I Quadrol buffer 
The pheuylthiohydantoin (PTH; amino acul.s were identi- 
fied ny regeneration to the constituent amino ;u:id bv hy- 
drolysis with hydroiodic acid for 20 hr at i:J0 tf (21), «as-iiquid 
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Fig. 1. Disc-gel electrophoresis of purified human (left) and 
bovine (right) parathyroid hormones. 

chromatography (22, 23), and mass spectrometry (24-26). 
Chemical ionization mass spectrometry was performed on a 
Finnigin mass spectrometer equipped with a PDP-S/e Digital 
computer, and a Cumplot Plotter. Isobutane was used as the 
carrier gas, and the source was maintained at 200°. The sam- 
ple.-? were applied by a direct insertion probe, and the probe 
was heated from 30° to 250° over a 90-sec period. Electron 
impact mass spectrometry was performed on an LKB mass 
spectrometer, model. 0000, with a diroct insertion probe and 
an electron energy of 70 eV. 

RESULTS 

The purified human parathyroid hormone migrated as a 
single component on disc-gel electrophoresis, with a mobility 
identical to that of the bovine parathyroid hormone (Fig. 1). 
A mi no- terminal analysis of the purified peptide by the Edman 
technique revealed serine. 

350 nanomolfcs of the purified hormone were degraded on 
the Beckman Sequencer by use of a single cleavage of heptc- 




F:c. -. Ammo-acid sequence of the juvii no-terminal 34 residues 

of humeri ptuaihyruid hormone. 



fluorobutyric acid at each degradation. The results of the 
degradation of the first 34 residue* of the human parathyroid 
hormone are shown in Fig. 2. The chemical ionization mass 
spectra of the phenylthiohydaatoin (PTH) amino acids ob- 
tained at each of the 34 steps in the sequence are shown in 
Fig. 3. A "quasimoiecular" (QM**) or major fragmentary 
ion is observed in each spectrum (25). At step 12 in the se- 
quence, a quasi molecular ion for glycine (m/e 192) and leu- 
cine (m/e 249) are observed (Fig. 3). Quantitation by the gas 
chromatography method of glycine (0.28 >*M) and leucine 
(0.09 m^'I) permits definitive identification of glycine as the 
twelfth amino acid in the sequcuce, with the leucine resulting 
from overlap from step 11 (Fig. 2). The ion at m/e 292 and 
293 in the mass spectra of .step 20 a pa contaminant ions often 
observed in variable amounts in the aqueous layer of the 
Edman reaction. Leucine/isoleucinc and lysine/ glutamine 
yield identical masses of m/e 249 and m/e 264, respectively, 
on chemical ionization mass spectrometry. Lysine, however, 
can be distinguished from glutamine by the fragmentary ion 
at m/e 306, as illustrated in the spectra of residues 26. 27, 
and 28. Lysine/glutamine and Icuctne/isoleucine were also 
readily differentiated by gas chromatography on the CFC 
blend (23) and by electron impact mass spectrometry (24, 
25). 

These combined results provided a single unique sequeuce 
for the first 34 residues of human parathyroid hormone (Fig. 
2). 

DISCUSSION 

The amino-acid sequence of the first 34 residues of human 
parathyroid hormone is of major importance, since previous 
studies of the bovine and porcine species have indicated that 
this is the biologically active region of the native hormone. 
The first 24 residues of human lTli differ from bovine PTH 
by six residues, and porcine PTH by five residues (Fig. 4). 
The amino-terminal 15 residues of human and porcine PTH 
are identical; however, bovine PTH differs from human and 
"porcine PTH in position 1 and 7, where alanine substitutes 
for serine and leucine replaces phenylalanine (Fig. 4). In the 
remaining 16-34 region, human PTH differ* from porcine 
PTH by five residues, and from bovine PTH by four residues 
(Fig. 4). Human PTH contains two methionine residues — 
similar to the bovine species — whereas porcine PTH contains 
a single methionine at position S (Fig. 4). The human se- 
quence is unusual in that it contains four consecutive basic 
residues (arginine residue 25, and lysine residues 26-2$). 
Amino-acid residues in the first 34 that arc unique to the 
human sequence include an asparagiue at position 10, gluta- 
mine at position 22, lysine at position 28, and a leucine at 
position 30. 

One of the major problems in the clinical assessment of 
patients with disorders of mineral metabolism has been the 
difficulties encountered with the radioimmunoassay of human 
parathyroid hormone. There have been two basic problems 
with the immunoassay of ITU. The firit problem, as dis- 
cussed above, has been the presence in the peripheral cir- 
culation of peptide fragments of the 84 amino-acid polypep- 
tide chain (8-10). Antiscra from various laboratories un- 
doubtedly have immunological determinants for different 
regions of the intact molecule, thus leading to variable and 
sometimes inconsistent results when applied to the measure- 
ment of PTH circulating in Inn nan blood (27). In addition, 
.the differentiation by iminuniNt^ay of biologically active 
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nc- terminal fragments from inactive fragments has so far 
bi- :i impossible. The second difficulty has been the utiliza- 
ti-. of heterologous af-imys that use radioacti vely labeled 
b<, . me hormone as the tracer, and antibodies prepared against 
tli- bovine or porcine hormone (28-30, 20). The sensitivities 
c: :.hGSfe assays are variable, ar.d (iepend on the cro-^ reac- 
tiv::y c: the particular antiserum with the human hormone. 
A> noted above, the human sequence in only the initial third 
of the molecule diners from the bovine by six residues and the 
Porcine by five amino acids. 

Kcbcner it at. ..31) have attempted to circumvent some of 
these problems with the immunoassay by the development of 



amino- and carboxyl-specific antisem. These investigators 
have u.sed an antibody prepared against the bovine hormone, 
and have absorbed their antiserum with either the synthetic 
1-34 bovine fragment, or a 53-84 fragment prepared by 
chemical cleavage of the native bovine homiuue. The amino- 
terminal specific antiserum was further characterized by dis- 
placement with synthetic bovine fragments, and the recogni- 
tion site of this absorbed antiserum was shown to be directed 
toward residues H-19 in the bovine sequence. Usuis this 
approach, they have concluded that the major fragment in 
the human circulation is carbo.vyl-terminal, and biologically 
inactive. They 'were, however, unable to identify the amimv 
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terminal fragment in the circulation of human subjects. This 
may be clue either to rapid clearance of the amino-termiiial 
fragment from the circulation, or to poor cross-reactivity 
of the amino-terminal specific bovine antiserum with the 
ammo-terminal region of the human hormone. It is of in- 
terest that the human sequence differs in the 14-19 region 
from the bovine hormone by the substitution at residue 16 of 
an asparagine for a serine residue (Fig. 4). The significance 
of this substitution in the humau hormone to the result* ob- 
tained by Habener ct ol. with their amino-terminal specific 
bovine antiserum is unknown. Canterbury and Reiss have re- 
ported results on the nature of the circulating fragment of the 
parathyroid hormone that are in contrast to those reported by 
Habener et al Using an antiserum prepared against bovine 
parathyroid hormone, these investigators have identified three 
different immunochemical forms of the parathyroid hormone 
in the peiipheral circulation of hyperparathyroid patients (32). 
The molecular weights of these three components, as deter- 
mined by gel filtration, were 9500 (presumably glandular 
1 J TH), 7000-7500, and 4500-5000. Recently, these investiga- 
tors have directly assessed the biological activity of these 
three fragments in a ren;il udrnylau* cyclase system (33). K<»th 
the 9500 and the -1600-5000 fragment stimulated the adenyl- 
ate cyclase system, whereas the 7000-7500 component was 
inactive. These results are consistent with the presence of an 
amino-terminal biologically active fragment of PTH of about 
oue-half the size of the glanduiar hormone in humau hyper- 
parathyroid .serum. 

The determination of the amii.o-terminal sequence of .the 
human parathyroid hormone will vow permit the synthesis of 
peptides based on the humau .sequence for both clinical and 
investigative use. Synthetic fragments, as well as chemical 
analogue*, will permit more definitive studies to be performed 
on the chemistry of the human hormone, including the specific 
residues and the minimum length of the polypeptide chain 
that is required for biological activity: In addition, these syn- 
thetic fragments will enable investigators to characterize the 
heterologous an ti sera currently in use in the immunoassay, 
and to develop specific antisera directed toward the amino- 
terminal region of the human hormone. Antisera based on the 
human sequence will enable more detailed studies to be per- 
formed on the nature of the circulating hormone in man, and 
its role in calcium homeostasis and metabolic bone disease. 

\n intarr-arjoqul pnft rj pjr-.tTVP effort, hus made the work reported 
in th is munuscrin* possible. More than 150 individual tauuruionej, 
phys icians, gurgenns, and pathologists uonu.tcxl numan p.nra ^ 
ffiv roid tissue {or vise in the erfme^ori.and punlica uon ot the 
humau pft,r&.thyroid hormone that w as used in the determination 
ol t he am^r--*"™ 7 "" 1 *m^L'tf ni ill,; nainan normo ng ■ < rmf>- 
rr^e n> r j ^rrr^; - )j , «jntr o? yheir names. Here ; however7*hey arc 
represented by human PTK study groups from Australia, Canada.. 
Europe {Belgium, Germany, Hollaud, and Switzerland), France, 
Japan, Mexico, Spain, Sweden, ftnd the United State*. A great 
ce^l the credit for the result reported ii: thii manuscript U 
due to the untiring efforts of the*e individuals- We ai*o thank Dr*. 
Henry Files and Bill Milne for their distance in the mass »pec- 
troineiric ttnalyhts. The excellent technical assistance of, Mr. 
Wayne Blauchard. Mrs. M. JuiiufivA, Ma Judy Ltirsen, Mwa 
Ann Kelly, and Miss Janice LeorHer is gruiefully acknowledged. 
ThU work was supported in p.irt by grants, from the U.S. Public 
Health Service (NIIi-Am 1230*2) and from the Mayo Founda- 
tion. 
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Synthesis of mature human parathyroid hormone in Escherichia coli 
E. Breyel, G. Morelle, B. Aufmkolk**, R. Frank*, H. Blocker* and 
H. Mayer, GBF - Gesellschaft fiir Biotechnologische Fors::hung mbH - 
Abt. Genetik and *DNA-Synthesegruppe , Braunschweig, W.-c,ermanv, 
**Mediz inische Hochschule Hannover, Hannover, w. -Germany 

Summary 

Mature human parathyroid hormone (1-84 AA) was expressed in Escheri- 
chia coli. The spacing between ribosome binding sites (ABS) and ATG, 
and the use of strong promoters were varied. PTH yield jnder the con- 
trol of the lac-promoter was 140 ug/liter and under the control of the 
trp-pronoter 200 ug/liter. The PTH had a half-life of 30 minutes in 
the log growth phase. The PTH made in E.coli appears identical to 
human PTH in a radioimmunoassay and in its biological activity in an 
in vitro-assay. 

Introduction 

Human parathyroid hormone (hPTH) is a protein of 84 amino acids, from 
the parathyroid glands. PTH is the principal homeostatic regulator 
of blood calcium. At high concentration PTH rapidly increases the bone 
decalcification. At a low concentration and with long exposure PTH 
stimulates bone formation (1). Human PTH is effective in the treat- 
ment of osteoporosis inducing an anabolic response in the bone (2). In 
addition PTH may prove effective in the treatment of bone fractures. 
We have constructed bacterial plasmids which instruct the synthesis of 
biologically active mature PTH in Escherichia coli. 

Material and Methods 
?2£^SIi§i-§tra ins_and_olasmids 

We used the E.coli strains 5K- (m+ , thr'thi , Smr ) :Glover , SK2124 : 
Hautala, SG4121 (F- 1 on TOO gal-blu r- , m+ rec A) : Gottesman, 
CSR603 (recAl, uvrA6, phr-1) HB101 (gal-, pro-, leu-, thi-, endol-, 
hsm, hsr, recA, rpsL) , JM103 (lac-proA), supE, thi, strA, endA , 
sbcB15, hsdR4, F* tra D36, pro AB, lad 9 ,AZ M15) from P.L. Biochemi- 
cals GmbH and the plasmids pBR322 (5) pUR108-1 (U. RUther, unpub- 
lished), pDS1 (6), gift from D. StUber. pDR540 (7) and pDR720 were 
obtained from P.L. Biochemicals GmbH. Unless otherwise indicated 
the strains were grown in LB-medium (lOg tryptone, lOg yeast extract 
and 5g NaCl per liter). 

5^A^me thodologv 

Restriction enzymes, T4-ligase and DNA-polymerase (Klenow Fragment) 
w ©re obtained from Amersham Buchler, BRL , and Boehringer Mannheim and 
used according to the manufacturer's specifications. Treatment with 
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S1-nuclease <1 unit/ug DNA, 20 min. , 20«C> was performed according to 
(8). DNA was sequenced according to (9). 

I^H£ti2D.2f_the_trg i ^lac - and - tac_gromoters 

Strains with the trp-promoter were grown in minimal medium with casa- 
mino-acids (M9CA (10) ) and induced with 5 ug/nl 3-B indole acrylic- 
acid (IAA). Strains with tac or lac promoters were grown in LB-medium 
and induced with 1mM IPTG either continiously or for a 2.5 h period. 
2£££££ion_of_Pra_actiyity_in_bacteri 

1 ml of a 50 ml culture was harvested by centr if ugation and resuspen- 
ded in 200 ul 3M guanidiniumhydrochloride, 20m 1 Tris-HCl pH 8, 25mM 
glucose, 5mM EDTA and sonicated at 60 watt for 15 sec in ice. Cell 
debris was spun down at 8000 g for 1 min. Serial dilutions of the su- 
pernatants were analysed by radioimmunoassays by using the PTH kit 
from Inununo Nuclear Corporation, and in the adenyl cyclase assay accor- 
ding to (11). 
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Results and Discussion 

ISSiStiOD.of-E^ages^containing^the^hu 

We screened a human fetal liver genomic DNA library constructed in the 
phage Charon 4A by Lawn et al. (12) probed with a bovine (13) or por- 
cine (14) PTH cDNA ♦ Two plaques > hPTH24 and > hPTH36 were positive. 
Both clones contain the PTH gene coding region and the 3' noncoding 
region. The EcoRI- fragment coding for PTH from A hPTH3 6 was subcloned 
into the EcoRI-site of pBR322 (p20.36) to facilitate DNA-sequence ana- 
lysis (Fig. 1) . 

The first intervening sequence interrupting the 5' noncoding region of 
the mRNA is only partially present on the clone we selected. The sec- 
ond is 103 bp long and separates the second and third nucleotide en- 
coding lysine 29 of Prepro-PTH. The DNA-sequence is identical to the 
sequence of the genomic PTH-gene previously described by Vasicek et 
al. (4) . 

?£PE§ssign_of_hPTH 

For the construction of a functional initiation region we chose a stra- 
tegy of sequentially assembling DNA fragments coding for the ribcsomal 
binding site, the spacer and the initiation codon. 

The coding region for hPTH can be isolated as a Sau 3A 980 bp frag- 
ment from the subclone p20.36. To restore the first amino acid codon 
(Ser) the Sau 3A-sites were filled out with Kl enow- Polymerase in the 
presence of dGTP and dATP and flush ended with S1 -nuclease treatment. 
The ATG initiation codon was attached by flush-end ligation of the 
synthetic oligonucleotide 5 * -CATCGATG-3 1 . The additional internal 
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sequence determinations. 

Clal-site in the DNA adaptor allows a subcloning into the Clal-site of 
PBR322. A tetracycline sensitive clone was selected with the PTH- in- 
sert oriented counterclockwise from the Hindlll-site . A combination 
of fill-in of dNTPs and S1-treatment of the HindHI linearized plas- 
mid P EB3 generated DNA fragments with variable distances between the 
ATG initiation codon and the end of the fragments. Ligation of a sec- 
ond synthetic DMA adaptor the 5 ' -TCCCTAGGGA-3 * (RBS-linker) , carrying 
a ribosome binding site, onto these fragments creates a series of DNAs 
with 6-10 bp between the ribosome binding site and the initiation 
codon ATG. Since the dimeric form of the synthetic DNA-adaptor creates 
a new restriction site for BamHI allowing recloning of the entire con- 
struction. The clones P EB4 , P EB5 and P EB9 containing transcriptional 
units of PTH with 4, 5 and 9 bp spacer length were cloned into plasmids 
downstream from suitable promoters. The direct synthesis of fmet-hPTH 
1-84 can then be expected in E.coli cells. Figure 2 summarizes the 
construction of the PTH transcriptional units. 
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Fig. 2 shows the construction of the PTH transcriptional units which 
is described in more detail in the text. The resulting transcriptio- 
nal units consist of a BamHI-site at the 5 '-end, a TAG-stop codon, a 
R3S, a spacer of different lengths, an ATG initiation codon and the 
full length PTH 1-34 gene. . 

For direct expression of hPTH 1-84 in E.coli transcriptional units of 
PTH were brought under the control of lac, trp and tac - promoters. 
The hybrid plasmids are named pPTHtac4, pPTHtacS, pPTHtac9 , pPTHtrp4 , 
pPTHtrpS and pPTHtrp9, pPTHT 5 9. 

I££0£if ication^of^hFTH^f rom_bacterial_extracts 

Extracts of different E.coli strains containing the expression plas- 
mids were tested for hPTH expression by direct radioimmunoassay 
(Table 1). The amount of PTH under the control of the lac promoter is 
comparable to the level of oC -interferon under the control of the lac- 
prcmoter (15). The amount of PTH under the control of trp-promoter is 
1.4 times that produced under the lac 9-promoter. An E.coli host 
SK2124 that contained mutations that increased the stability of euka- 
ryotic mRNA for catabolic dehydroguinase was transformed with the re- 
combinant plasmids but did not express higher levels of PTH. The ex- 
pression level in hosts deficient in the cap R (Ion) protease was not 
consistently higher than in the host HB101 . An assessment of the sta- 
bility of PTH at different growth phases was made. Cultures were grown 
and chloramphenical (Cm (150/ug/ml) ) was added to stop protein syn- 
thesis (Fig. 3). The half-life of PTH at the log phase was 30 min., at 
37°C, at stationary phase 15 min. This stability is comparable to that 
of human proinsulin of 14 minutes (16). 
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Fig. 3: Cells were grown in LB-Medium at 37°C and 150 ug/ml Cm was 
added. Aliquots were tested by RIA. 
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The immunological and biological reactivity of the PTH expressed in 
E.coli was tested. The competition of 125-J hPTH by unlabelled pure 
hPTH (standard curve) is compared to the competition behaviour of a 
PTH extract from an E.coli carrying the plasmid phPTHT 9. Both curves 
are identical meaning that E.coli-synthesised-hPTH is immunologically 
identical to pure hPTH. An extract of E.coli carrying the vector 
plasmid pDSl without PTH-gene sequences shows no competition under 
identical conditions (Fig. 4). 
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Fig. 4 compares the immunologi- 
cal behaviour of the human PTH 
(1-84) standard, the extract of 
an E.coli SG4121 strain contain- 
ing phPTHT 5 9 plasmid which codes 
for human PTH (1-84) and the ex- 
tract of the same strain con- 
taining the pDSl vector plasmid 
as negative control. 



Fig. 5 shows the biological acti- 
vity in the PTH specific renal 
adenyi cyclase bioassay of E.coli 
extracts containing the PTH ex- 
pression plasmid phPTHT_9 and the 
pDSl vector strain as negative 
control . 



The biological activity of the bacterially made hPTH was analysed in 
vitro from P hPTHT s 9 E.coli extracts by the adenyl-cyclase assay which 
depends on the specific induction of adenyi cyclase through PTH con- 
verting ATP to cAMP. The specific activity found was comparable to the 
values found by radioimmunoassays. The E.coli carrying the control 
plasmid was negative under the same conditions (Fig. 5). 
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SUMMARY 

A full-length cDNA encoding human parathyroid hormone (hPTH) containing the prepro region was cloned into 
Bombyx mori baculovirus under the control of the polyhedrin promoter and polyadenyiation sequences. After transfection 
and generation of the recombinant baculovirus, hPTH production was examined in silkworm larvae and BmN cell 
cultures. The larvae synthesized and efficiently secreted the correctly processed and authentic hPTH (9.4 kDa) with no 
sign of internal degradation. In BmN cells, the major secreted form was the correctly sized protein, but small amounts 
of degraded hPTH could also be detected in the medium by immunoblotting. Unlike the situation in larvae, prepro- 
hPTH could also be demonstrated intracellular^ in BmN cells. The concentration of hPTH in the larval hemolymph 
was about 70 mg/1, as compared to approx. 55 ug/1 in the medium per 7.5 x 10 6 cells. Recombinant hPTH (re-hPTH) 
from the hemolymph was purified by reverse-phase HPLC and subjected to chemical and biological analyses. The 
authenticity of the purified re-hPTH was confirmed by N-terminal sequencing, amino acid composition and a mass of 
9425 Da, close to the theoretical value. The hormone showed high-affinity receptor binding and full biological potency 
in increasing cellular cAMP. 



INTRODUCTION 

Human parathyroid hormone (hPTH) is synthesized 
in the parathyroid glands as a prepro-hormone consisting 
of 115 aa. During processing, the pre and pro parts of 
the hormone are sequentially cleaved off resulting in the 
formation of the mature 84-aa hormone (Cohn and 
MacGregor, 1981). hPTH (1-84) is secreted in response 
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Abbreviations: A, absorbance (1 cm); aa, amino acid(s); ACN, aceto- 
nitrile; B.. Bombyx: Bm. B. mori: BmN, Bm ovarian ceil line; BmNPV. 
Bm nuclear polyhedrosis virus; bp, base pair(s); Bv, baculovirus; cAMP; 
cyclic AMP; cDNA, DNA complementary to RNA: cpm, count(s) per 



to a lowering of serum Ca 2+ ions, and its physiological 
function is to elevate serum Ca 2+ and to maintain the 
calcium and phosphate homoeostasis (Potts et al., 1982; 
Reeve et al., 1980). Prolonged and intermittent admini- 
stration of low to medium doses of biologically active 
hPTH fragment has been shown to vigorously stimulate 
bone formation in animals and patients with osteo- 
porosis (Reeve et al., 1980; 1991; Bradbeer et al, 1992). 

minute; DEPC, diethyl pyrocarbonate; HPLC, high-performance liquid 
chromatography; hPTH. human PTH; hPTH, gene (DNA) encoding 
hPTH;kb, kilobase(s) or 1000 bp; MS, mass spectrometry; LLC-PIC^ 
porcine renal epithelial cell line; nt, nucleotide(s); oligo, oligodeoxyribo- 
nucleotide; PAGE, polyacrylamide-gel electrophoresis; PBS, phosphate- 
buffered saline; pfu, plaque-forming unit(s); PPG, polypropylene 
glycol(s); PTH, parathyroid hormone; PTHrP, PTH-related protein: 
re-, recombinant; 5., Saccharomyces: SDS, sodium dodecyl sulfate; TFA. 
trifluoro acetic acid; UTR, untranslated region (s); wt. wild type. 
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Considering the potential pharmaceutical importance of 
the hormone in treatment of bone metabolic disorders, 
attempts have been made to produce the hormone 
employing different expression systems such as 
Escherichia colU Saccharomyces cerevisiae and mamma- 
lian cells (Rabbani et al., 1988; Hogset et al., 1990; 
Gabrielsen et al., 1990; Rokkones et al., 1994). The exis- 
tence of internal protease sensitive domains has made 
hPTH susceptible to degradation and inactivation 
(Hogset et al, 1990; Gabrielsen et al., 1990). Thus, an 
optimalized system for expression of hPTH demands a 
correct processing without aberrant cleavage so that a 
high production efficiency can be obtained. 

In this paper we compare the expression of hPTH in 
BmN cells and Bombyx mori {Bm) larvae using the Bm 
baculovirus with the polyhedrin promoter and regulatory 
sequences (Maeda, 1989a,b). The results demonstrate that 
the cells and the larvae are fully able to recognize the 
human signal and pro-part of hPTH. 



RESULTS AND DISCUSSION 

(a) Construction of recombinant virus for hPTH 
expression 

Strategies followed for the cloning of full length hPTH 
cDNA (from pPPTH7) including its prepro part into the 
vector pBm030 is shown in the Fig. 1 and explained in 
legend. The re-vector pBmPTH84 harbours the full- 
length hPTH cDNA, including the human signal(pre) 
sequence and its pro part and is controlled by virus regu- 
latory elements. Cotransfection of BmN cells in culture 
with the plasmid pBmPTH84 DNA and wt viral DNA 
(BmNPV) resulted in the formation of polyhedrin- 
negative re-plaques. Upstream and downstream from the 
cloned hPTH cDNA, about 3 kb viral flanking sequences 
are present, and during cotransfection, these flanking 
regions will facilitate homologous recombination so that 
the polyhedrin gene of the wt virus is replaced with the 
hPTH cDNA. After identification and isolation of 
re-viral plaques they were purified as described in 
Methods in the legend to Fig. 2. The re-virus were 
screened and those giving highest expression of hPTH 
were chosen for further experiments. 

(b) Production and secretion of hPTH into larval 
hemolymph 

Hemolymph samples from larvae infected with re-virus 
and collected after 24, 48 and 72 h, showed a time- 
dependent increase in two peptides (9.4 kDa and 
14.3 kDa) which immunoreacted with hPTH antiserum, 
while hemolymph from wt virus-infected larvae was nega- 




Smal+Xbal Smal+Xbal 



ligation 




Fig. 1. Construction of baculovirus vector pBmPTH84. The entire 
hPTH cDNA signal and coding sequences were excised from the plas- 
mid pPPTH7 by SmaV + Xbal digestion and ligated between the Smal 
and Xbal sites of the vector pBm030 (Maeda, 1989b). In the resulting 
re-vector pBmPTH84 lacking the polyhedrin-encoding gene, the hPTH 
coding sequence is under the control of the polyhedrin promoter, tran- 
scriptional termination and polyadenylation sequences, but employing 
hPTH signal sequence. Methods: Plasmid DNA manipulations were 
performed essentially as described by Sambrook et al. (1989). A hPTH 
cDNA 413-bp fragment from plasmid pPPTH7 was ligated into vector 
pBm030, after cleavage with Smal + Xbal, and transformed into the E. 
coli DH5a. The clones that contained the hPTH cDNA insert were 
identified and the re-vector named pBmPTH84. The junctions ofhPTH 
cDNA and the transfer vector were confirmed by sequencing. 
Restriction enzymes and other DNA metabolizing enzymes were 
obtained from New England Biolabs. A anti-rabbit-[ l25 I]IgG was 
from Amersham. Synthetic hPTH (1-84) from Bachem was used as 
standard. All the other chemicals used were from Sigma. 



tive (Fig. 2A, lanes 2, 3 and 4 versus 1). When standard 
hPTH(l-84) was loaded on the gel, it appeared as a 
9.4-kDa form as expected (Fig. 2 A, lane 6). However, 
when the same standard was mixed with the control- 
hemolymph, the same two different immunoreactive pep- 
tides appeared (9.4 kDa and 14.3 kDa) (Fig. 2A, lane 5). 
Thus, the 14.3-kDa band appeared to be a hPTH-binding 
protein as also confirmed in subsequent analysis. hPTH 
production increased during this period and the highest 
level was obtained after 72 h, whereafter the larvae suc- 
cumbed to an infection. A semiquantitative estimation of 
hPTH in hemolymph collected the 3rd day of infection 
was carried out. Comparing the intensities of immunore- 
activity to the different amounts of known hPTH stan- 
dards as shown in Fig. 2B when different amounts of 
hemolymph sample was analyzed, it was estimated that 
4 ul contained 0.25-0.5 ng hPTH (Fig. 2B, lanes 5, 6 and 
7 versus lanes 2, 3 and 4). The non saturable binding 
properties of the 14.3-kDa band was verified by addition 
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Fig. 2. The re-hPTH expression. (A) Time-course study of hPTH expression in hemolymph from infected larvae collected after 24, 48 and 72 h of 
infection with re-baculo virus (lanes 2, 3 and 4) compared to control represented by 72 h of wt infection (lane 1) using Western blot technique and 
mid-region specific anti-hPTH antibody. 3 ul per lane using 0.1% SDS-15% PAGE. Lane 5: hemolymph from wt infected larvae added 0.25 ug 
hPTH( 1-84) standard. Lane 6: 0.25 ug hPTH( 1-84) standard. (B) Semiquantitative estimation of hPTH produced in hemolymph 3 days after infection 
with wt (lane 1 (4ul)) and re-baculovirus (lanes 5 (1 ul), 6 (2 ul) and 7 (4 ul)) and subjected to 0.1% SDS-15% PAGE, followed by immunoblot 
analysis. Lanes 2, 3 and 4: hPTH( 1-84) marker (Bachem), 0.75 ug, 0.5 ug and 0.25 ug, respectively. Lanes 8 and 9: 4 ul of hemolymph from wt infected 
larvae added 0.5 ug and 0.25 ug hPTH(l-84) marker, respectively. (C) hPTH in BmN cell cultures 4 days after infection with re-virus (lane 2) and 
wt virus (lane 1). 5 ml of culture medium partly purified on a Sep-Pak column freeze-dried and analyzed by SDS-PAGE as in panel B. Lanes 3, 4 
and 5: 0.05 ug, 0.1 ug and 0.075 ug, respectively, of hPTH(l-84) standard. Methods: Bm larva and BmN cell culture: The silkworm Bm larvae 
(TW x NB4D2) were fed ad libitum on fresh mulberry leaves and reared in the laboratory following the method of Krishnaswamy et al. (1973). BmN 
cells were grown in TC-100 medium containing 10% fetal calf serum and 50 ug gentamycin per ml at 27°C (Maeda, 1989a,b). Transfection and isolation 
of re-virus: Re-vector pBmPTH84 was amplified and purified. Subconfluent monolayers of BmN cells were co-transfected with purified infectious Bm 
wt baculovirus (BmNPV) DNA and the re- vector pBmPTH84. Homologous recombination between the plasmid DNA and wt viral DNA occurred 
in the Ca phosphate mediated cotransfected cells as tested after 5 days by plaque assay, and the polyhedrin-negative plaques were screened for hPTH 
production in the BmN cells and Bm larvae. Collection of larval hemolymph, fatbody, BmN cell culture medium and cell lysate: Early fifth instar (24 h 
old) Bm larvae were needle inoculated with 50 ul of recombinant viral solution (3 x 10 5 pfu) into the body cavity using wt virus and saline injections 
as controls. Hemolymph was collected and treated as described (Maeda, 1989a). BmN cells (7.5 x 10 6 cells) were seeded in a tissue culture flask and 
after overnight incubation, the cells were infected by re-virus or wt virus (10 pfu/cell) separately. After 4 days of infection the medium was collected, 
the samples centrifuged at 1400 rpm for 5 min and the medium and cell pellet stored separately. All the samples were stored at — 70°C till further 
analysis. Protein determination: Protein in hemolymph was determined by the method of Lowry et al. (1951) using bovine serum albumin as standard. 
PAGE and immunoblotting: 0.1% SDS-15% PAGE was performed under reducing conditions (Laemmli, 1970) and samples were solubilized as 
previously described (Towbin et al., 1979; Gabrielsen et al., 1990). Semiquantitative protein determination of hPTH: Semiquantitative measurements 
of hPTH using light scanning were performed on X-ray films developed after Western immunoblots using Bio Image system, Millipore. 

Fig. 3. mRNA was prepared from fatbody cells and analyzed on agarose gels followed by Northern blot and hybridization to a hPTH cDNA 
fragment. Lanes: 1, 1.3 u£ mRNA from wt-infected larvae (control) 72 h post-infection; 2, 3 and 4, 1.3 ug mRNA from re- virus-infected larvae 24, 48 
and 72 h after infection; 5, 1 ug of PTH-mRNA isolated from human parathyroid adenomas. Ribosomal RNAs corresponding to 18S and 19S, 
respectively, are indicated. Methods: Total RNA was extracted from larval fatbody (wt virus infected and re-virus infected) as described (Glisin et al., 
1974). Poly(A) + RNA was selected from identical amounts of total RNA from all the extractions using magnetic oligo(dT) Dynabeads (Dynal A.S. 
Norway). For time-course response, RNA was extracted at every 24 h post infection for a period of 3 days. The poly(A) + RNA samples were subjected 
to electrophoresis on a 1.5% agarose gel containing 6% (v/v) formaldehyde in 20 mM Na-phosphate pH 7.0 buffer. The RNA was subsequently 
transferred to a nylon membrane by passive diffusion and immobilized by UV light (2 min) and baked at 80°C for 1 h. The hPTH cDNA Xbal- 
EcoRl fragment was used for probe, and filters were subjected for hybridization at 42°C following standard procedures (Sambrook et al., 1989). 



of 0.5 jig and 0.25 ug of hPTH, respectively, to the wt 
hemolymph (Fig. 2B, lanes 8 and 9) which by itself con- 
tained non-detectable immunoreactivity (Fig. 2B, lane 1 ). 

(c) Production and secretion of hPTH by BmN cells into 
culture medium 

BmN cells infected with re-virus also produced and 
secreted hPTH into the medium. Two secreted proteins 
were detected on immunoblots of SDS-PAGE using mid- 



region specific anti-hPTf/ antiserum (Fig. 2Q lane 2). 
One comigrated with hPTH(l-84) standard (9.4 kDa) 
and the other and somewhat diffuse 5.5-kDa immunore- 
active band probably represented proteolytic degrada- 
tion products. The amount of hPTH was estimated to be 
about 0.3-0.5 u.g from the flask with an initial concen- 
tration of 7.5 x 10 6 cells as determined by light scanning 
of the X-ray films developed after various times and com- 
pared to hPTH standards (lanes 3, 4 and 5). No immuno- 
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reactivity was found in medium from wt virus-infected 
cells (Fig. 2C, lane 1). 

(d) The presence of hPTH mRNA 

The presence of hPTH mRNA in fatbody cells was 
also studied 24, 48 and 72 h after infection and analyzed 
on agarose gels followed by Northern-blot and hybridiza- 
tion to a P77/cDNA Xbal-EcoRl fragment (Fig. 1) as 
probe. A time-dependent increase (about 100-fold) in 
transcripts corresponding in size to PTHmRNA pre- 
pared from human parathyroid adenomas was observed 
(Fig. 3, lanes 2, 3 and 4 versus lane 5). In addition, two 
higher M r transcripts appeared of sizes equal to 18S and 
19S rRNAs. 

The presence of three mRNA species in the fat body 
may indicate heterogeneity within the non-translated 
regions since only one peptide form was demonstrated. 
They cannot be due to non-specific hybridization to 
remaining ribosomal RNA, since wt RNA gave no signal 
(Fig. 3, lane 1); in addition, a time-dependent increase 
was also observed. 

(e) Intracellular hPTH in larvae and in cultured cells 

Intracellular proteins from larval fatbody and BmN 
cells infected with re-virus were examined using immu- 
noblots and compared to wt virus-infected controls. No 
hPTH immunoreactivity was detected in the larval fat- 
body cells while BmN cells showed two dominant hPTH 
immunoreactive bands. The major one of 13.5 kDa was 
similar to unprocessed prepro-hPTH while the 16-kDa 
protein could represent a modified variant or protein 
bound form of prepro-hPTH (data not shown). 



(f ) Quantitative measurements of hPTH by two-site 
chemiluminometric (sandwich) immunoassay 

hPTH(l-84) in the hemolymph and culture medium 
was assayed using chemiluminometric immunoassay 
according to the manufacturer (Magic Lite, Ciba 
Corning, Germany). In hemolymph collected three days 
after coelomic infection, the hPTH concentrations were 
0.05-0.1 g/1, while the total protein concentration was 
63 g/1. In BmN cell culture medium at day 4 postinfec- 
tion, the maximal hPTH concentrations were 40-70 ug/1 
per 10 6 cells. 

(g) Reverse-phase HPLC-purification of hPTH and 
assessment of the chemical purity and authenticity 

The re-hPTH was extracted from hemolymph and fur- 
ther purified as described in Methods to Fig. 4. The 
HPLC purification profiles are shown in Fig. 4 (A, B and 
C). hPTH from the last HPLC-step (Fig. 4C) was ana- 
lyzed further on SDS-PAGE (Fig. 4D and E). The results 
from the gel analyses, including silver-staining (Fig. 4D) 
and immunoblot analysis (Fig. 4E) showed only one 
band with a mobility equal to standard hPTH and a : 
purity equal to or better than the hPTH(l-84) Bachem 
standard (Fig. 4D and 4E, lanes 1 and 3 compared to 
lanes 2 and 4). 

The purified PTH was also subjected to aa composi- 
tion analysis and N-terminal sequencing which were con- 
sistent with the theoretical prediction (data not shown). 
Mass spectrometry was performed with a spectrum as 
shown in Fig. 5A and an M r of 9425 was obtained from 
the single-charged molecular ions corresponding well 
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Fig. 4. Separation of re-hPTHU-84) by reverse-phase HPLC from hemolymph of infected silkworms (A, B and C) and characterization by SDS- 
PAGE (D and E). (A) Preparative scale chromatography was performed on a Pharmacia SuperPac Pep-S C l8 /C 2 column (22.5 x 250 mm) as previously 
described by Olstad et aL ( 1992) with small modifications. Eluant A. 0.1 15% TFA in MilliQ water; eluant B, 0.085% TFA in 70% aqueous acetonitrile 
(ACN) (lOml/min). (B) Pooled fractions from A) containing hPTH were analyzed on an analytic Pharmacia SuperPac Pep-S C 18 /C 2 column 
(4.0 x250 mm) (linear gradient of 47-49% eluant B run for 35 mini. Eluant A and eluant B were the same as in A. The flow rate was l.Oml/min. 
(C) Pooled fractions from B) containing hPTH were further purified on Pharmacia SuperPac Pep-S C l8 /C 2 column (4.0 x 250 mm). A linear gradient 
of 45-55% eluant B was run for 35 min. Eluant A. 0.55% TFA in MilliQ water: eluant B. 0.45% TFA in 70% aqueous ACN. The flow rate was 
l.Oml/min. (D and E) 0.1% SDS-15% PAGE analysis of HPLC purified hPTH from hemolymph (Fig. 3C, fractions 33 and 34) and compared to 
h PTH (1-84) standard from Bachem. (D) Silver-staining. (E) Immunoblot analysis using the mid-region specific anti-hPTH antiserum. Lanes 1 and 
3: 1.0 ug and 0.2 ug of hPTH from hemolymph. Lanes 2 and 4: 1.0 ug and 0.2 jag hPTH( 1-84) standard (Bachem). Methods: Purification of hPTH 
from the medium: hPTH was concentrated and partly purified as described previously (Olstad et al. 1992) and after freeze-drying, the samples were 
dissolved in sample-buffer for SDS-PAGE analyses (Laemmli, 1970). Reverse-phase HPLC: Preparative and analytical scale chromatography was 
performed as described previously on SuperPac Pep-S C, 8 /C 2 column (22.5 x 250 mm/4.0 x 250 mm) (Reppe et al.. 1991: Olstad el al., 1992). For 
silver staining of the gel, the procedure for the Sigma silver stain kit was followed. 
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Fig. 5. Characterization of re-hPTH by mass-spectroscopy (A), radioreceptor binding (B) and intracellular cAMP stimulation (C). (A) Mass- 
spectroscopic analysis of recombinant hPTH(l-84). The dominant single peak represents a molecular hPTH mass of 9425 Da corresponding to the 
theoretical value of 9424.7 Da. (B) Inhibition of radiolabeled [Tyr 36 ] chicken- PTH-related proteinf l-36)amide by different hPTHs. The 
re-hPTH(l-84) produced in infected silkworms and recombinant hPTH{l-84) (yeast hPTH) produced in Saccharomyces cerevisiae were tested in a 
radioreceptor assay using LLC-PK, cells transfected with the rat PTH/PTHrP receptor. The data represent the mean + SEM of three independent 
experiments each performed in triplicate. (C) Stimulation of cellular cAMP by different hPTHs. Accumulation of intracellular cAMP in LLC-PF^ 
cells transfected with the rat PTH/PTHrP receptor and stimulated (15 min, 37°C) with re-hPTH( 1-84) produced in silkworms and re-hPTH(l-84) 
(yeast hPTH) produced in Saccharomyces cerevisiae is shown. The data represent the mean + SEM of three independent experiments each performed 
in duplicate. Methods: Mass spectrometry analysis was performed using a API III LC/MS/MS system (Sciex, Thornhill, Ontario, Canada) and carried 
out as described (Covey et al., 1988). Radioreceptor assay: LLC-PKj cells expressing the rat PTH/PTHrP receptor (Bringhurst et al., 1993), were 
plated in 24-well plates (50000 cells/well) and grown for 2 days before incubation with l25 I-labelled [Tyr 36 ]chicken-PTHrP( 1-36)NH 2 (100000 cpm 
per well/0.5 ml) in the presence or absence of competing ligands at 15°C for 4 h, using a Tris-based binding buffer (50 mM Tris-HCl, pH 7.7/100 mM 
NaCl/5 mM KC1/2 mM CaCl 2 /5% heat-inactivated horse serum/0.5% heat-inactivated fetal calf serum) as described (Juppner et ah, 1988). The 
competing ligands were recombinant hPTH(l-84) expressed in yeast (yeast hPTH) (Gabrielsen et al., 1990; Olstad et al., 1992) and recombinant 
hPTH(l-84) purified from hemolymph of infected silkworms. Techniques used for radioiodination of PTHrP analog were previously reported. 
Intracellular cAMP measurements. Measurements of intracellular cAMP in LLC-PK ( cells expressing the rat PTH/PTHrP receptor (Bringhurst et al., 
1993) using Dulbecco*s modified Eagle's medium containing 2 mM 3-isobutyl-l-methylxanthine and 0.1% bovine serum albumin. Medium (0.5 ml) 
with or without PTH was added and cells were transferred to a 37°C water bath for incubation in 15 min, then washed and immediately frozen on 
liquid nitrogen. Intracellular cAMP was measured by a radioimmunoassay kit from Amersham, after lysing the cells with 1 ml of 0.05 M HC1. The 
stimulating ligands were re-hPTHf 1-S4) produced in yeast (yeast hPTH) (Gabrielsen et al., 1990; Olstad et al.. 1992) and re-hPTH( 1-84) produced 
in Bm hemolymph. 



with the theoretical M r of 9424.7 for hPTH as calculated 
from the aa composition. 

(h) Radioreceptor binding studies and intracellular cAMP 
measurements 

Binding properties of two different re-hPTH forms 
from yeast and silkworm are shown in terms of displace- 
ment curves using the 125 I-labeled [Tyr 36 ]chicken- 
PTHrP(l-36)NH 2 as radioligand and LLC-PR^ cells 
permanently transfected with the rat PTH/PTHrP 
receptor. Both hPTH forms representing the authentic 
hormones, showed equal receptor binding affinities 
(Fig. 5B) (calculated JC d = 8.8±1.2x 10~ 9 M) and iden- 
tical abilities to stimulate intracellular cAMP accumula- 
tion in the same cells with half maximal response 
obtained at 2.0 x 10" 9 M (Fig. 5C). 

(i) Concluding remarks and comparison of hPTH 
expression between various host systems 

The quantitative result of re-hPTH production in BmN 
ovarian cell culture was much less than that in the 
hemolymph even corrected for the 30%-50% loss 



during medium concentration and Sep-Pak column chro- 
matography (see Methods in the legend to Fig. 4). The 
circulatory system of silkworm larvae opens into the coe- 
lomic cavity which is totally bathed in the hemolymph 
and retains the secretory proteins (Shigematsu, 1958). 

hPTH could not be detected in the intracellular frac- 
tions of larval fatbody while the polypeptide and the 
assumed unprocessed forms were present in BmN cells. 
Ovarian cells are normally not designed for secretion of 
proteins, but rather for absorption, and this may be a 
reason for the low level of hPTH produced. The hormone 
and its mRNA were expressed in a parallel and a time- 
dependent fashion. The hPTH produced in the silkworm 
larvae was authentic as judged by N-terminal sequence, 
total aa composition and mass spectrometry. Also its 
receptor binding affinity and ability to activate the main 
second messenger system were identical to the yeast 
re-hPTH which previously was shown to have full biolog- 
ical activity in several target cell systems (Reppe et al., 
1991). 

The amount of hormone produced in the larval hemo- 
lymph represented 70 mg/1. This level was many times 
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higher than that reported for yeast (Gabrielsen et al., 
1990; Reppe et al., 1991) and for E. coli (Hogset et aL 
1990) secreted hPTH. The re-hPTH produced as an 
intracellular fusion protein with 5. aureus protein A. 
showed a production after purification of 50-80 mg/1 
culture (Forsberg et al., 1991). 

The production yield of hPTH in the silkworm larvae 
also compared well to ZZ-cecropin A fusion protein pro- 
duction in Trichoplusia ni larvae using Autographa cali- 
fornica baculovirus (Andersons et al., 1991). Production 
of human a-interferon in silkworm using Bm baculovirus, 
amounted to 30 mg/1 hemolymph after purifying 10 ml 
of hemolymph by affinity column chromatography 
(Maeda et aL, 1985). However, they did not report the 
concentration of oc-interferon in the hemolymph prior to 
purification. 

Expression of hPTH in microbiological systems has 
met with two problems related to incorrect N-terminal 
cleavage and aberrant intracellular processing (Rabbani 
et al., 1988; Hogset et al., 1990; Gabrielsen et al., 1990; 
Reppe et al., 1991; Forsberg et al., 1991; Rokkones et aL 
1994). The major cleavage sites were after Lys 26 in S. 
cerevisiae and after Val 21 in £. coli (Rokkones et aL 
1994). In mammalian cells, in contrast (mouse mammary 
tumor cell, i.e., C1271 cells, and Chinese hamster lung 
cells, i.e., DON cells) the entire hPTH cDNA including 
the prepro part gave rise to only the intact form 
(Rokkones et aL, 1994). We demonstrate that the silk- 
worm larvae in fact resembles the mammalian system 
cleaving the hPTH signal sequence correctly and that the 
human signal is also able to promote an efficient secretion 
of the intact hormone. However, the hPTH produced 
binds to a natural protein in the hemolymph and gives 
rise to a 14.3-kDa protein in addition to the expected 
9.4-kDa form. The N-terminal sequence of the purified 
'14.3-kDa protein' was identical to hPTH(l-84) (data 
not shown). Standard hPTH also showed the same two 
bands when added to the hemolymph (Fig. 2A and B). 
Moreover, in buffer containing urea, the mobility of the 
14.3-kDa form was normalized (data not shown) and also 
the 'acid treatment' occurring during HPLC purification 
released the peptide. Thus, the M4.3-kDa protein band' 
represents a hPTH-binding protein of unknown nature. 
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Hybrid gene synthesis: its application to the assembly of DNA sequences encoding the 

human parathyroid hormones and analogues 1 
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Sung, W. L., Zahab, D. M., Yao, F.-L. & Tam, C. S. (1986) Hybrid gene synthesis: its application to the assembly of DNA 
sequences encoding the human parathyroid hormones and analogues. Biochem. Cell Biol. 64, 133-138 
Bypassing any intermediate steps of purification and gene assembly, several synthetic oligonucleotides constituting a DNA 
duplex with a small base-mismatching region were phosphorylated, annealed, and ligated directly into a linearized plasmid 
vector. After transformation in bacteria, the two plasmid strands individualy yielded two different plasmids bearing altered 
versions of the same gene. Via this approach, DNA coding sequences of the human parathyroid hormone and analogues were 
synthesized and cloned in Escherichia coli. 

Sung, W. L., Zahab, D. M., Yao, F.-L. & Tam, C. S. (1986) Hybrid gene synthesis: its application to the assembly of DNA 
sequences encoding the human parathyroid hormones and analogues. Biochem. Cell BioL 64, 133-138 
Evitant quelques Itapes intermddiairies de purification et d'assemblage des g&nes, nous avons phosphorylg, hybrids et li€ 
directement dans un plasmide vecteur lin£aire plusieurs oligonucleotides synthltiques, constituant un DNA bicatlnaire 
comportant une petite region de mauvais appariement des bases. Apr&s transformation dans les bact£ries, les deux brins du 
plasmide produisent individuellement deux plasmides differents portant des versions alt£r€es du meme g&ne. Grace h cette 
approche, nous avons synth£tis£ et clon£ dans Escherichia coli les sequences de DNA codant pour F hormone parathyroldienne 
humaine et des analogues de cette hormone. 



Introduction 

PTH (1), a polypeptide of 84 amino acids (2), is an 
important regulator of calcium metabolism. Its stimulat- 
ing effect on bone resorption by the osteoclast for the 
mobilization of calcium from bone to the extracellular 
fluid is well known (3); recent studies have shown that 
chronic PTH treatment can also result in an increase in 
bone density (4, 5). It is possible that this anabolic effect 
of PTH can be utilized to correct some bone-deficient 
states, like osteoporosis. However, this therapeutic 
potential has not yet been fully explored owing to the 
fact that sufficient quantities of this hormone at low cost 
are unavailable for clinical trial on a large scale. 

The gene of the prepro-PTH was isolated from a 
human gene library (6). This gene encodes a peptide of 
115 amino acids, which constitutes a precursor in the 
biosynthetic pathway of PTH. It was subsequently 
expressed in rat pituitary cells via a retrovirus (7). 
However, in our present study, we have adopted 

^^^Abbreviations: PTH, parathyroid hormone; PTH(l-34), 
^^Bamino acid fragment of PTH; pPTH-34, plasmid encoding 
^^ro regular amino acid sequence from positions 1 to 34 of PTH; 
p PTH -40, plasmid encoding the regular amino acid sequence 
from positions 1 to 40 of PTH; SSC, sodium chloride - sodium 
citrate. 

'NRCC 25024. 

2 Author to whom all correspondence should be addressed 



chemical synthesis to prepare the human PTH gene for 
(0 the flexibility to select the frequently used yeast 
codons to facilitate expression in both Escherichia coli 
and the more discriminating yeast system; (it) the 
addition of chemical cleavage sites (8), such as cysteine 
which is absent in PTH (6), at the terminals of PTH if it 
has to be expressed as a fused protein for additional 
stability; and (iii) the direct preparation of DNA 
sequences coding for pro-PTH, PTH, ^d PTH(l-34) 
with proven clinical effect on bone (5). 

To reduce the work of oligonucleotide preparation, 
assembly, and cloning of these various versions of the 
PTH gene, we explored the possibility of hybrid gene 
synthesis. We envisage that a DNA heteroduplex with 
base mismatch in the gene-coding region can be pre- 
pared via ligation of synthetic oligonucleotides (Fig. 1). 
After insertion into a plasmid vector, the two plasmid 
strands act as individual templates for DNA replication 
(9-1 1) and will eventually yield two different plasmids 
bearing the two respective versions. 

With this approach, we efficiently synthesized DNA 
sequences coding for the short fragments PTH(l-34) 
and PTH( 1 -40) and the PTH molecule with or without a 
cysteine codon substituting the termination codon. 

Materials and methods 

Enzymes and plasmid pUC8 were purchased from Bethesda 
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Fig. 1. Strategy for hybrid gene synthesis. Overlapping synthetic oligonucleotides with base mismatch can be phosphory* 
lated, annealed, and ligated to linearized plasmid to yield heteroduplex. Inside bacterial host, the plasmid heteroduplex would 
yield two plasmid progenies, with both of its DNA strands as templates during replication. 



chia coli K- 1 2 strain JM 1 03 ( A(/ac pro), thi f, sir A . sup £, end 
A.sbcB.hsdR.Ftra D36, pro AB, lac ZA M 1 5) was used 
in all cloning experiments. 

Synthesis of ologonucieotides 

The sixteen deoxyribooligonucleotides PI-PXVI (Fig. 2), 
encoding PTH with the frequently used yeast codons. were 
synthesized by DNA synthesizer model 380A (Applied Bio- 
system) and purified on 12% polyacrylamide gel containing 
7 Af urea. 

Construction of plasmid pPTH-34 and pPTH-40 

Each of the eight oligonucleotides PI-PVIII (1.3pmol, 
1 p,L) (Fig. 2A) was phosphorylated in a mixture containing 
0.4 M-Lof 10x kinase buffer, 0.4 |lL of 1 mM ATP, 0.4 \jlL of 
T4 DNA kinase, and 3 M-L of water. Phosphorylation reaction 
was carried out for 1 h at 37°C. The solutions were then 
combined and heated to 70°C for 10 min. After being cooled 
slowly to room temperature, the combined solutions were 
added to a mixture of 3.5 |lL of 10x ligase buffer, 3.5 \LL of 
4 mA/ ATP, 0.1 pmol of EcoRl-HindlU linearized plasmid 
pUC8. and 3.5 \lL of T4 DNA ligase and incubated at 1 2°C for 
20 h. Aliquots of the ligation mixture were used to transform 
E. coli JM 103 in YT plate containing ampicillin. Trans- 
formants were selected by the loss of p-galactosidase ac- 
tivity (X-Gal and isopropylthiogalactoside) for hybridization 
analysis. 

Labelling of the hybridization probe 
^^^Oligonucleotides PI-PV (10 pmol, 1 jjlL) were phosphory- 
^■ned individually with [ J2 P]ATP (10 pmol, 3 \lL) in 1 p.L of 
^^^4 DNA kinase, 1 jjlL of 10x kinase buffer, and 4 jiL of water 

at 37°C for 1 h. 

Screening of plasmid containing the PTH (J -40) gene 

Colonies were chosen and grown on 10 copies of nitrocel- 
lulose filters on YT plates with ampicillin overnight. They 



and neutralized with 0.5 N Tris-HCl (pH 7.0) - 1.5 Af NaCl 
( 10 min). After 2 h at 80°C in a vacuum oven, the filters were 
washed with 6x SSC - 0.05% Triton X-100 for 30 min. Cell 
debris was scraped off completely. After another 30 min in 
fresh solution, the duplicate filters were transferred individ- 
ually into separate mixtures of 6 x SSC - 1 % dextran sulphate- 
0.05% Triton X-100 - lx Denhardt's hybridization fluid. 
Individually appropriate JX P- label led probes were added to a 
pair of filters. After 16 h at 45°C, filters were washed twice 
with 6x SSC - 0.05% Triton X-100 at room temperature for 
5 min and then at 45°C for 45 min, and were analyzed by 
autoradiography. Filters were washed again at 75°C for 45 
min, followed by autoradiographic analysis. 

Preparation of plasmids pPTH-34 and pPTH-40 via sub- 
cloning 

Transformants positively identified by either probe PIV or 
PV were cultured for the minipreparation of plasmids to 
transform the E. coli JM 103 once again. Colony hybridization 
with 32 P-labelled probes PVI and PV were used to identify 
plasmid clones, pPTH-40 encoding the regular amino acid 
sequence from position 1 to 40 of PTH and pPTH-34 which has 
termination at oligonucleotide triplet position 35. The PTH- 
coding region was sequenced with the dideoxytermination 
method. 

Construction of plasmids pPTH-84 and pPTH-87 

Plasmid pPTH-40 was linearized by incubating with restric- 
tion enzymes Sstl and ////id II I. The phosphorylation of the 
other eight oligonucleotides PIX-PXVI (Fig. 2B) and their 
ligation into the linearized plasmid pPTH-40 were similar to 
the construction of the latter plasmid. Transformed JM 103, 
with plasmids bearing the whole PTH gene, was identified by 
hybridization with 35 P-Iabeiled probes PIX-PXIII. Isolated 
plasmids were similarly subcloned and analyzed by DNA 
«eauencine with the "dideoxv" method. 
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Fig. 3. After cloning of sequence encoding PTH( 1 -40), colony hybridization with the following. (A) 32 P-labeIled probe PI. 
washed at 45°C. (B) PIV. washed at 45°C. (C) PIV, washed at 75°C. indicating plasmid progenies containing a valine codon at 
position 35 of the PTH sequence. (D) PV, washed at 75°C, indicating plasmid progenies containing termination codon at the 
same position. 



Results 

The eight synthetic oligonucleotides PI-PVIII, con- 
stituting the first half (oligonucleotide triplet positions 
1-40) of the PTH gene (Fig. 2A), were phosphorylated 
and ligated directly into linearized plasmid pUC8 in a 
single operation without any intermediate purification or 
gene assembly. 

Base mismatch was designed at nucleotide triplet 
position 35, between complementary oligonucleotides 
PIV (GTT, valine) and PV (TTA, complementary triplet 
of the termination codon) (Fig. 2A). Transformation in 
JM 103 by recombinant plasmid-bearing fragments 
PI-PVIII subsequently yielded two plasmids: pPTH-40 
coding for a legitimate half of PTH (PTH 1-40) with 
the termination codon in the Hindlll site and pPTH-34 
encoding a shorter fragment (PTH(l-34)) because of 
the predetermined termination codon at triplet position 



ybridization with 32 P-Iabelled PI-PV at 45°C iden- 
fcd trans formants bearing the general PTH-coding 
sequence (Figs. 3A and 3B). At an elevated temperature 
of 75°C, both PIV and PV were capable of distinguishing 
between colonies predominant with plasmids p PTH -40 
(Fig. 3C) and pPTH-34 (Fig. 3D), respectively. DNA 
seauencine of the two olasmids confirmed thnt nPTH-in 



had a valine codon (complementary triplet AAC) at 
position 35 and pPTH-34 had termination (complemen- 
tary triplet TTA) at the same site (Figs. 4A and 4B). 

Plasmid pPTH-40 was then digested with restriction 
endonucleases 55/1 and HindUl, Synthesis of the whole 
PTH gene was then completed via phosphorylation and 
ligation of another eight synthetic oligonucleotides, 
PIX-PXVI constituting the rest of the PTH gene 
(positions 39-84) (Fig. 2B), into the linearized plasmid 
pPTH-40. 

Base mismatch at oligonucleotide triplet position 85 
of the two complementary fragments PXII (TAA, 
termination codon) and PXIII (ACA, complementary 
triplet of cysteine) resulted in the formation of two 
different PTH gene-bearing plasmids, pPTH-84 and 
pPTH-87. These bore the proper coding sequence with 
termination at position 85 or a cysteine codon (TGT) at 
the same position, respectively. The pPTH-87 plasmid 
with a newly created termination codon at position 88 
and a unique Bgl II site at 86-87 would facilitate entry in 
the production of multrimeric forms of PTH for addi- 
tional stability. 

Bacterial transform ants with these plasmids were 
identified by hybridization with 32 P-labelled fragments 

PfV-PYT?T ^< Ivforr? A fter cMKrloni^rr of r^l^cr^irl^ 
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Fig. 4. DNA ^ cn f^g ofPTO-coding region of different plasmid progenies, indicating modifications achieved (in boxes) 
S^uenc,ng primer 5'-( ACG TTG TAA AAC G AC GGC) was used to yield the complementary sequence of P?S ^nVtomS 

pPTH-84, TTA (terminaUon) at position 85. (D) pPTH-87, ACA (cysteine) at the same position. 



codons at position 85 of the two PTH-coding piasmids 
were further established by DNA sequencing, as termi- 
nation (complementary triplet TTA) in pPTH-84 and 
cysteine (complementary triplet ACA) in pPTH-87 
(Figs. 4C and 4D). 

Discussion 

Synthetic DNA duplex is generally designed with one 
strand coding for a single polypeptide and the other 
strand maintaining the duplex structure (12, 13). In our 
present design (Fig. 1), both DNA strands have been 
fully utilized to code for two related polypeptides. One 
strand codes for PTH; the other strand, with the 
^^fc-opriate base-mismatching region, codes indirectly 
^^ather PTH analogues in the form of complementary 
sequences. Base mismatch in DNA duplex had also been 
used in the earlier development of the in vitro site- 
specific mutagenesis of bacteriophage and plasmid 
(9-11). 

In our present procedure, each pair of oligonucleo- 



tides which constitutes a part of the DNA duplex was 
constructed to leave two cohesive ends complementary 
to either the cohesive ends of the v«xtor or ;c- iie adjacent 
pairs in the design. Therefore, ligation and cloning can 
be done in one single step, and at the same time the 
correct orientation with the plasmid vector and the 
sequence of the assembled genes can be ensured. 
Furthermore, the identification of transformants was 
made easy due to the loss of the cloning marker 
P-galactosidase in the plasmid vector. As shown by the 
results of hybridization, our method gives a much higher 
yield of mutant genes than the current techniques 
employed to produce a site-specific mutant. These 
advantages make our technique of hybrid gene synthesis 
a very attractive alternative to in vitro site-specific 
mutagenesis. 

However, as demonstrated in the colony hybridiza- 
tion with probes PI and PIV (Figs. 3 A and 3B), such a 
multifragment ligation can also generate some plasmid 
clones oossessine onlv a oartia! eene-codin? *em?ence 
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In another unpublished experiment several overlapping 
fragments, without the terminal duplex for proper 
^loning, could still be inserted into plasmids. Therefore. 
■ is important to carry out hybridization with all 
fragments that constitute the cloned sirands. 

By deliberately introducing base mismatch into the 
complementary synthetic DNA strands, we have synthe- 
sized DNA sequences encoding human PTH and its 
analogues. Study is now conducted in the expression of 
these gene products. 

With the recent success of the automated DNA 
synthesizer in preparing longer oligonucleotides than 
before, a greater degree of base mismatch or even 
multiple regions of base mismatch can probably be 
designed in the complementary strands of the heterodu- 
plex without serious disruption of the duplex structure. 
We can therefore foresee that the present method can 
readily be extended to the construction of either closely 
related gene families or gene sequences encoding 
homologous polypeptides of different species. 
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Human-Parathonion produz ierende Hybr idvekt oren und Human- 
Pa rat ho rmongen 

Human-Parathormon reguliert u.a. den Einbau und Ausbau von 
5 Calcium in Knochen. 

Aufgabe der Erfindung ist es t biologisches Material zur 
Verfugung zu stellen, mit dem Human-Parathormon technisch 
hergestellt werden kann. 
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GemaB einer Ausfuhrungsform wird diese Aufgabe durch einen 
in prokaryotischen Zellen klonierbaren Hybridvektor gelost, 
der Human-Parathormon produziert und durch folgende Merk- 
male gekennze ichnet ist: 

(a) einen Pro.notor, 



(b) einen sich an den Promotor anschl ieBenden DNA-Bereich 
von 0 bis 1000 und ihsbesondere 0 bis 200 Basenpaaren, 

20 (c) eine sich an den DNA-Bereich gemaO (b) anschl ieOende 
ribosomale Bindungsstelle, 
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(d) einen sich an die ribosomale Bindungsstelle anschlieflen- 
den D^M-Bereich von 4 bis 15 Basenoaaren, 

(e) ein sich an den 0NA-3ereich jem&Q (d ) anschl ieflendes 
Startcodon und 

(f) die folgende Human-Parathormon kodierende DNA-Sequenz: 
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Ser Val Ser Glu lie Gin Leu 
TCT GTG AGT GAA ATA CAG CTT 
AGA CAC TCA CTT TAT GTC GAA 



Met His Asn Leu Gly Lys His 
ATG CAT AAC CTG GGA AAA CAT 
TAC GTA TTG GAC CCT TTT GTA 



Leu Asn Ser Met Glu Arg Val 
CTG AAC TCG ATG GAG AGA GTA 
GAC TTG AGC TAC CTC TCT CAT 



Glu Trp Leu Arg Lys Lys Leu 
GAA TGG CTG CGT AAG AAG CTG 
CTT ACC GAC GCA TTC TTC GAC 



Gin Asp Val His Asn Phe Val Ala Leu Gly Ala Pro Leu Ala 
CAG GAT GTG CAC AAT TTT GTT GCC CTT GGA GCT CCT CTA GCT 
GTC CTA CAC GTG TTA AAA CAA CGG GAA CCT CGA GGA GAT CGA 



Pro Arg Asp Ala Gly Ser Gin Arg Pro Arg Lys Lys Glu Asp 
CCC AGA GAT GCT GGT TCC CAG AGG CCC CGA AAA AAG GAA GAC 
GGG TCT CTA CGA CCA AGG GTC TCC GGG GCT TTT TTC CTT CTG 



Asn Val Leu Val Glu Ser His 
AAT GTC TTG GTT GAG AGC CAT 
TTA CAG AAC CAA CTC TCG GTA 



Glu Lys Ser Leu Gly Glu Ala 
GAA AAA AGT CTT GGA GAG GCA 
CTT TTT TCA GAA CCT CTC CGT 



Asp Lys Ala Asp Val Asn Val Leu Thr Lys Ala Lys Ser Gin 
GAC AAA GCT GAT GTG AAT GTA TTA ACT AAA GCT AAA TCC CAG T 
CTG TTT CGA CTA CAC TTA CAT AAT TGA TTT CGA TTT AGG GTC A 
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Als or okaryotische Zellen koivnen alle Zellen in fletracht. 
in denen sich Hybr idvekt oren -nit den angegebenen Merkmalen 
in technischem MaGstab unter Sildung von Human-Parathormon 
klonisren lassen. Insbesondere kom-nt Escherichia coli in 3e- 
tracht. 3eispiele fur geeignete Pronotoren fur E. coli finden 
sich beispielsweise bei Sengbusch, P. von, Molekular- und 
Zellbiologie, Spr inger-verlag , Heidelberg etc. 1979. Bei E. 
coli ^kann die riboso.-nale aindungsste lie beispie lsweise die 
f pl^ende DNA-Sequenz aufweisen : 

AGGA Oder GGAG 
TCCT CCTC 

Ein 3eispiel fur ein bei E . coli verwendbares Startcodon 
15 hat die DNA-Sequenz 

ATG 
TAC 

20 GemaQ einer weiteren Ausf uhrungsf orrn wird die der Erfindung 
* J* M zugrundeliegende Aufgabe durch ei nen in eukaryot ischen Zelle n 

v£zJ&f % k lonierbaren u nd Hu.nan-Parathormon produzierenden Hybrid- 
j^yj-A- vektor gelost, 

(A) der dadurch herstellbar ist, daO nan 

(a) aus Schweine-Nebenschilddrusen mRNA isoliert, 

(b) die isolierte mRNA als ds-cONA mat Hilfe eines Vektors 
in E. coli kloniert, 

(c) aus Pools erhaltener Klone Hybr idvektor-DNA isoliert, 

(d) isolierte Hybr idvektor-DNA an einen fur jeden Pool eige- 
nen Trager fixiert, gema3 (a) isolierte mRNA anlagert und 
wieder entfernt, entfernte mRNA in Schwe ine-Pra-Pro-Parattior- 
mon oder Schwine-Parathormon zu iibersetzen versucht, gebil- 
detes Schweine-Pra-Pro-Parathormon Oder Schwe ine-Parathornion 
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durch Antikoroerf311ung nachv/eist und damit geif>af3 (b) arhal- 
tene Klone ermittelt, Jie Schwe ine-Parathormongen-Sequenzen 
aufweisen, Hyor idvektor-ONA ernittelter und Schweine-Parathor- 
mongen-Sequenzen aufweisende Klone sequenziert und den oder 
5 die Klone ident if iziert , die Hybridvektor-ONA .-ait Schweine- 
Parathormon kodierender ONA-Sequenz aufvseisen, 

(e) Hybridvektor-ONA der gemaO (d) identif izierten Klone 
radioaktiv markiert, 

10 (f) mit erhaltener r adioaktiv -narkierter Hybridvektor-O NA 
eine Human-Genbank s creent und 

<g) das ermittelte Human-Parathormon in einen in eukaryo- 
t ischen Zellen klonierbaren Hybridvektor Uberfuhrt , 

(B) und der dadurch gekennze ichnet ist, dafl er eine zwischen 
zwei Rl-Schnittstellen liegends ONA-Sequenz, die die folgende 
ONA-Sequenz uaifaQt, oder einen Unterbereich der zwischen 
den Rl-Schnittstellen liegenden ONA-Sequenz aufweiet: 



15 
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TGTCTTTAGTTTACTCAnCATCAOCTACTAACATACCTGAACGAAGATCTTGTTCTAAGA 
ACAGAAATCAAATGAGTCGTAGTCGATGATTGTATGGACTTGCTTCTAGAACAAGATTCT 

GtIIcZtI I— = Intron II c AQQ bp 

I Met lie Pro Ala Lys Asp Met Ala Lys Val Met 
ATG ATA CCT GCA AAA GAC ATG GCT AAA GTT ATG 



He 


Val 


Met 


Leu 


Ala 


lie 


Cys 


Phe 


Leu 


Thr 


Lys 


Ser 


Asp 


Gly 


Lys 


ATT 


GTC 


ATG 


TTG 


GCA 


ATT 


TGT 


TTT 


CTT 


ACA 


AAA 


TCG 


GAT 


GGG 


AAA 


TAA 


CAG 


TAC 


A AC 


CGT 


TAA 


ACA 


AAA 


GAA 


TGT 


TTT 


AGC 


CTA 


CCC 


TTT 


Sep 


Val 


Lys 


























TCT 


GTT 


AAG 


























AGA 


CAA 


TTC 





























Intron I i Lys Arg Ser Val Ser Glu Ila Gln Leu ~ ct His Asn 

an tan AAG AGA TCT GTG AGT GAA ATA CAG CTT ATG CAT AAC 

P ITTC TCT AGA CAC TCA CTT TAT GTC GAA TAC GTA TTG 

Leu Gly Lys His Leu Asn Ser Met Glu Arg Val Glu Trp Leu Arg 

CTG GGA AAA CAT CTG AAC TCG ATG GAG AGA GTA GAA TGG CTG CGT 

GAC CCT TTT GTA GAC TTG AGC TAC CTC TCT CAT CTT ACC GAC GCA 



Lys 
AAG 
TTC 


Lys 
AAG 
TTC 


Leu 
CTG 
GAC 


Gin 
CAG 
GTC 


Asp 
GAT 
CTA 


val 
GTG 
CAC 


rlS 
CAC 
GTG 


Asn 
AAT 
TTA 


ft W a 

Pne 
TTT 
AAA 


val 
GTT 
CAA 


Ala 

GCC 
CGG 


Leu 
CTT 
GAA 


Gly 
GGA 
CCT 


Ala 
GCT 
CGA 


Pro 
CCT 
GGA 


Leu 
CTA 
GAT 


Ala 

GCT 
CGA 


Pro 
CCC 
GGG 


Arg 
AGA 
TCT 


Asp 
GAT 
CTA 


Ala 
GCT 
CGA 


Gly 
GGT 
CCA 


Ser 
TCC 
AGG 


Gin 
CAG 
GTC 


Arg 
AGG 
TCC 


Pro 
CCC 
GGG 


Arg 

CGA 
GCT 


Lys 
AAA 
TTT 


Lys 
AAG 
TTC 


Glu 
GAA 
CTT 


Asp 
GAC 
CTG 


Asn 
AAT 
TTA 


Val 
GTC 
CAG 


Leu 
TTG 
AAC 


val 
GTT 
CAA 


Glu 
GAG 
CTC 


Ser 
AGC 
TCG 


His 
CAT 
GTA 


Glu 
GAA 
CTT 


Lys 
AAA 
TTT 


Ser 
AGT 
TCA 


Leu 
CTT 
GAA 


Gly 
GGA 
CCT 


Glu 
GAG 
CTC 


Ala 

GCA 
CGT 


Asp 
GAC 
CTG 


Lys 
AAA 
TTT 


Ala 
GCT 
CGA 


Asp 
GAT 
CTA 


val 
GTG 
CAC 


Asn 
AAT 
TTA 


Val 
GTA 
CAT 


Leu 
TTA 
AAT 


Thr 
ACT 
TGA 


Lys 
AAA 
TTT 


Ala 
GCT 
CGA 


Lys 
AAA 
TTT 


Ser 
TCC 
AGG 


Gin 
CAG 
GTC 


TGA 
ACT 


AAA 
TTT 


TGA 
ACT 


AAA 
TTT 


CAG 
GTC 


ATA 
TAT 


TTG 
AAC 


TCA 
AGT 


GAG 
CTC 


TTC 
AAG 


TGC 
ACG 


TCT 
AGA 


AGA 
TCT 


CAG 
GTC 


TGT 
ACA 


AGG 
TCC 


CCA 
CGT 


ACA 
TGT 


ATA 
TAT 


CAT 
GTA 


GCT 
CGA 


GCT 
CGA 


AAT 
TTA 


TCA 
AGT 


AAG 

TTC 


CTC 
GAG 


TAT 
ATA 


TAA 
ATT 


GAT 
CTA 


TTC 
AAG 


CAA 
GTT 


GTG 
CAC 


CCA 
GGT 


ATA 
TAT 


TTT 
AAA 


CTG 
GAC 


ATA 
TAT 


TAA. 
ATT 


CAA 
GTT 


ACT 
TGA 


ACA 
TGT 


TGT 
ACA 


AAT 
TTA 


CCA 
GGT 


TCA 
AGT 


CTA 
GAT 


GCC 
CGG 


ATG 
TAC 


ATA 
TAT 


ACT 
TGA 


GCA 
CGT 


ATT 
TAA 


TTA 
AAT 


ATT 
TAA 


GAT 
CTA 


TAT 
ATA 


TCT 
AGA 


GAT 
CTA 


TCC 
AGG 


ACT 
TGA 


TTT 
AAA 


ATT 
TAA 


CAT 
GTA 


TTG 
AAC 


AGT 
TCA 


TAT 
ATA 


TTT 
AAA 


AAT 
TTA 


TAT 
ATA 


CTT 
GAA 


TTC 
AAG 


TAT 
ATA 


TGT 
ACA 


TTA 
AAT 


TTC 
AAG 


TTT 
AAA 


TTA 
AAT 


AAG 
TTC 


TAT 
ATA 


GTT 
CAA 


ATT 
TAA 


GCA 
CGT 


TAA 
ATT 


TTT 
AAA 


ATA 
TAT 


AAA 
TTT 


GAA 
CTT 


TAA 
ATT 


AAT 
TTA 


TCG 
AGC 


ACT 
TGA 


TTT 
AAA 


AAA 
TTT 


CCT 
GGA 


CTC 
GAG 


TTC 
AAG 


TAC 
ATG 


CTT 
GAA 


AAA 
TTT 


ATG 
TAC 


TAA 
ATT 


AAC 
TTG 


AAA 
TTT 


AAT 
TTA 


GTA 
CAT 


ATG 
TAC 


ATC 
TAG 


ATA 
TAT 


AGT 
TCA 


CTA 
GAT 


AAT 
TTA 


AAA 
TTT 


TGA 
ACT 


AGT 
TCA 


ATT 
TAA 


TCT 
AGA 


CAC 
GTG 


TCA -AA 
AGT TT 







?ra-Pro 



PTH 
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Beispiele fur eukaryo t ische Zellen, in denen der Hybridvektor 
klonierbar 1st und Human-Parat homon produzieren kann t sind 
Humanzellen oder Affenzellen, be ispi elswe ise Affennieren- 
zellen. 

SchlieBlich wird die der Erfindung zugrundel iegende Aufgabe 
durch Human-Parat hormongen gelost, 

(a) das gemaG den vorstehenden Ausfiihrungen und Anspruch 3 
(A) herstellbar 1st und 

(b) durch die z-vischen zwei Rl-Schn i ttstellen liegende DNA- 
Sequenz gemaG den vorstehenden Ausfiihrungen und gemaG An- 
spruch 3 (8) Oder einen Unterbereich davon gekennze ichnet 
ist. 

Zur Produktion von Human-Parathorrnon ist es auch moglich, 
das erf indungsgemaGe Human-Parathormongen direkt in eukaryo- 
tische Zellen zu transf ormisren. 

2 o Nachstehend wird die Herstellbarkeit der erf indungsgemaQen 
Hybridvektoren und des erf indungsgemaQen Human-Parathormon- 
gens an einem Beispiel und drei Schemata naher erlautert. 



IS 



r 



Aus frisch geschlachteten Schweinen wurden die Nebenschild- 
\/25 driisen operiert. Aus diesem Orusengewebe- wurde mRNA isoliert. 
Die isolierte mRNA wurde als dopptTfstrangige komplementare 
ONA (ds-cONA) mit Hilfe e-irfies Plasmids in E. coli kloniert. 
Aus den erhaltenen Rybridklonen wurde die Hybr idplasmid-DNA 
isoliert. Aus den Nebenschilddriisen isolierte mRNA wurde in 
30 einem In-Vitro-Transla t ionssystem in das Schwe ine-Pra-Pro- 
Parathormon Oder Schwe ine-Parathoraion ubersetzt. Das Schwe i- 
ne-Pra-Pro-Parathormon oder Schwe ine-Parathormon wurde durch 
Ant ikorperfal lung nachgewi esen. Mit Hilfe einer "Hybrid- 
Arrested-Translation" konnten die Klone aufgefunden werden. 
35 die Schwe ine-Parathormonsequenzen enthielten. Aus den ermit- 
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telten Hybridklonen wurde Hybr idplasmid-DNA , die das Schwei- 
ne-Parathormongen (Schema 1) u.nfaOte, radioaktiv markiert 
( n icK-translat iert ) und zum Screenen von Humangenbanken 
verwendet. Auf diese H'eise ermitteltes Human-Parathormongen 
wurde durch Subklonieren in einem Plasmid angereichert . Ein 
auf diese Weise angere ichertes Human-Parathonnongen wurde 
sequenziert. Die Sequenz des fur die Expression von Human- 
Parathormon relevanten Abschnittes ist de m Schema 2 zu entneh- 
nen. Die eroittelte Sequenz stitimte .-nit der bekannten cDNA- 
Sequenz und mit der bekannten Ami nosaur e sequenz des Human- 
Par at homons uberein. 



Im folgenden wird Schema 3 srlautert. (1) In das weitere 
Verfahren wurde die zwischen zwe i RI-3chn i ttstellen liegende 
15 DNA-Sequenz eingesetzt, die die DNA-Sequenz des Schemas 2 
umfaQt. (2) Es wurde nun .nit Hilfe der Restrikt ionsendonu- 
klease Sau3A das Pra-Pro-PTH-Gen ( PTH = Parathormon) vom Gen 
des reifen 1-84-PTH getrennt. (3) Durch Auffullen von dATP 
und dGTP mit dem "Large fragment" der E . -coli-ONA-Polymera- 
20 se-I und (4) anschl ieGenden Abbau mit S1-Nuklease wurde 

der verbleibende E inze lstrangrest (GA) der klebrigen Enden 
(sticky ends) beseitigt, die vom Sau3A-Schn itt herruhrten 
(GATC); dadurch wurde das Codon "TCT" fiir die Aminosaure 1 
(Serin) des Human-PTH rekonstituiert. (5) An dieses in der 
25 angegebenen Weise behandelte PTH-DNA-F ragmen t wurde ein 

DNA— Adaptor ligiert. Dadurch wurde dem Serin ein Methionine 
Codon "ATG" direkt vorgeschal tet . Dieses Codon ist eines der 
wichtigen Signale fur den Start der Synthese von PTH im 
Mikr oorganismus. (6-7) Das in der angegebenen Weise konstru- 
30 ierte PTH-Fragment wurde in die Clal-Spalt stelle von p BR 322 
subkloniert. Ausgewahlt wurde ein Klon, dessen PTH -Gen vor 
der Hindlll-Spaltstelle des pBR322 im Uhrzeigersimor ient iert 
war. Oieser PTH-Klon wurde mit Hindlll gespalten. (8) Die 
"sticky ends" dieser Spaltstelle lieften Auf f ullreakt ionen mit 

35 
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vier verschiedenen Nukleotiden zu. In Kombination mit dem 
Abbau durch S1-Nuklease gelangte man zu Fragmenten mit aufge 
fiillten Enden {flush ends), deren Entfernung vom ATG-Codon 4 
bis 10 Basenpaare betrug. (9) Vor diese Variation an Frag- 

5 menten wurden zwei synthetische DNA-Adaptoren ligiert, und 
zwar /TCCCTAGGGA/+/TCCCTAGGGA/ • Diese Linker enthielten die 
Sequenz der ribosomalen Bindungsstelle, ein weiteres wichti- 
ges Signal fiir die Expression im Mikroorganismus. Oadurch 
entstand weiter eine BamHI-Spal t stelle. Oiese war fiir die 

10 Klonierung hinter verschiedenen Promotoren (wie trp t tac^TS) 
beschr iebener Vektoren geeignet* 

Oie E. coli-Zellen wurden im LB-Vollmedium in Gegenwart 

von Ampicillin (50 ^ug/ml) bis zur mittleren logarithmi- 

15 schen Phase angezogen und abzentr if ugiert. Das Pellet wurde 

in einem Suspension spuffer mit Guanidiniumhydrochlorid (3 M) 

suspendiert (ungefahr 10 1 ° Zellen/ml); danach wurde mit 

Ultraschall (Sonifier) bis zu einer ootischen Dichte (OD ) 

650 

aufgeschlossen, die etwa 1/3 der optischen Dichte zu Beginn 
20 entsprach. Dieser Ze llauf schluG wurde abzentr if ugiert . Der 
Uberstand enthielt PTH. Das Protein wurde mit 5-prozent igem 
TCA gefallt und in 0,02 n Salzsaure gelost. TCA-Reste wurden 
mit Ather ausgewaschen. Das aus Rohextrakt und nach Extrak- 
tion gewonne PTH war immunologisch gegen Antikorper 1-34, 
25 28-48 und 48-68 wirksam (RIA) und war im Adeny Icyclase-Tes t 
biologisch aktiv. 

Das Human-Parathormongen wurde mit einem Vektor verkniipft 
(pBR322/SV40-Derivat) und mit Hilfe einer Calciumphosphat- 
30 Fallung in Af f enn ierenze 1 len transf ormiert . Aus 10 9 Zellen 
wurde PTH durch Extraktion gewonnen und im RIA getestet. 

AuBerdem wurde das Human-Parathormongen ( lambda-Humanhybr id- 
ONA) rait dem Thymid inki nasegen von Herpes simplex durch 
35 co-Transformation in T3-Zellen transf ormiert ; aus den Tk + -Klo 
nen wurde durch ONA-Hybr idisieren die Integration des Human- 
PTH— Gens identif iziert . 

• 10 - 
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Schema 1 



Asp Thr val Lys Val ^et Val Val Met Leu Ala lie Cys Phe 
GAC ACA GTT AAA GTA ATG GTT GTC ATG CTT GCA ATT TGT TTT 
CTG TGT CAA TTT CAT TAC CAA CAG TAC GAA CGT TAA ACA AAA 



Leu Ala Arg Ser Asp Gly Lys 
CTT GCA AGA TCA GAT GGG AAG 
GAA CGT TCT AGT CTA CCC TTC 



Ser Glu lie Gin Leu Met His 
AGT GAA ATA CAG CTT ATG CAT 
TCA CTT TAT GTC GAA TAC GTA 



Ser Leu Glu Arg Val Glu Trp 
TCT CTG GAG AGA GTG GAA TGG 
AGA GAC CTC TCT CAC CTT ACC 



Val His Asn Phe Val Val Leu 
GTG CAC AAC TTT GTT GTT CTC 
CAC GTG TTG AAA CAA CAA GAG 



Pro Val Lys Lys Arg Ser Val 
CCT GTT AAG AAG AGA TCT GTG 
GGA CAA TTC TTC TCT AGA CAC 



Asn Leu Gly Lys His Leu Ser 
AAC CTG GGC AAA CAC CTG AGC 
TTG GAC CCG TTT GTG GAC TCG 



Leu Arg Lys Lys Leu Gin Asp 
CTG CGA AAG AAG CTG CAG GAT 
GAC GCT TTC TTC GAC GTC CTA 



Gly Ala Ser lie Val His Arg 
GGA GCT TCT ATA GTT CAC AGA 
CCT CGA AGA TAT CAA GTG TCT 



Asp Gly Gly Ser Gin Arg Pro 
GAT GGT GGT TCC CAG AGA CCC 
CTA CCA CCA AGG GTC TCT GGG 



Leu Val Glu Ser His Gin Lys 
CTA GTT GAG AGC CAT CAA AAA 
GAT CAA CTC TCG GTA GTT TTT 



Ala Ala Val Gly 
GCT GCT GTG GGG 
CGA CGA CAC CCC 



Pro Lys Lys Glu Asp Asn Val 
CCA AAA AAG GAA GAC AAT GTC 
GGT TTT TTC CTT CTG TTA CAG 



Ser Leu Gly Glu Ala Asp Lys 
A~T CTC GGA GAA GCA GAT AAA 
TCA GAG CCT CTT CGT CTA TTT 
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2. Hybridvektor nach Ansoruch 1. dadurch g e k e n n - 
z e i c h n e t . daO er in £. coli klonierbar ist. 

3. In eukaryotischen Zellen klonierbarer und Human-Parathor- 
5 mon produzierender Hybridvektor, 

(A) dadurch herstellbar, dafl man 

(a) aus Schweine-Nebenschilddriisen mRNA isoliert, 

(b) die isoli&rte aANA als ds-cDMA mit Hilfe eines Vektors 
10 i"' E. coli klbniert, 

(c) aus Pools erhaltener Klone Hybr idvekt or-ONA isoliert, 

(d) isolierte Hybr idvektor-DMA an einem fur jeden Pool eige- 
nen Trager fixiert. gemaO (a) isolierte <nRNA anlagert und 

l5 wieder entfernt, entfernte -nRNA in Schwe ine-Parathor^on zu 
ubersetzen versucht, gebildetes Schwe ine-Parathormon durch 
Antikorperfaliung nachweist und da/nit gemaS Cb) erhaltene 
Klone ermittelt. die Schweine-Parathormongen-Sequenzen auf- 
weisen. Hybr idvektor-DMA ermittelter und Schweine-Parathormon- 

20 gen-Sequenzen aufweisende Klone sequenziert und den oder die 
Klone identifiziert, die Hybr idvektor-DNA mit Schwe ine-Parat- 
hormon kodierender DNA-Sequenz aufweisen, 
Ce) Hybridvektor-ONA der gemaO (d) ident if izierten Klone 
radioaktiv markiert, 

25 (f) mit erhaltener radioaktiv markierter Hybridvektor-ONA 
eine Human-Genbank screent und 

(g) das ermittelte Human-Parathqrmongen in einen in eukaryo- 
tischen Zellen klonierbaren Hybridvektor UberfUhrt, 
30(8) und gekennzeichnet durch eine zwischen zwei Rl-Schnitt- 
stellen liegende DNA-Sequenz. die die folgende DNA-Sequenz 
umfaBt, oder einen Unterbereich der zwischen den Rl-Schnitt- 
stellen liegenden DNA-Sequenz: 
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TGTCTTTAGTTTACTCAGCATCAGCTACTAACATACCTGAACGAAGATCTTGTTCTAAGA 
ACAGAAATCAAATGAGTCGTAGTCGATGATTGTATGGACTTGCTTCTAGAACAAGATTCT 
CATTGTAT L 

Intron II ca. 







GTG 


AAG 
TTC 


IMet 
ATG 
ITAC 


He 
ATA 
TAT 


Pro 
CCT 
GGA 


Ala 
GCA 
CGT 


Lys 
AAA 
TTT 


Asp 
GAC 
CTG 


Met 
ATG 
TAQ 


Ala 

GCT 


Lys 
AAA 


Val 
GTT 


Met 
ATG 






-CAC 


CGA 


TTT 


CAA 


TAC 


He 
ATT 
TAA 


val 
GTC 
CAG 


Met 
ATG 
TAC 


Leu 
TTG 
AAC 


Ala 
GCA 
CGT 


He 
ATT 
TAA 


Cys 
TGT 
ACA 


Phe 
TTT 
AAA 


Leu 
CTT 
GAA 


Thr 
ACA 
TGT 


Lys 
AAA 
TTT 


Ser 
TCG 
AGC 


Asp Gly 
GAT GGG 
CTA CCC 


Lys 
AAA 
TTT 


Ser 
TCT 
AGA 


Val 
GTT 
CAA 


Lys 
AAG 
TTC 




Intron 
ca. 30 I 




iLys 
AAG 
TTC 


Arg 
AGA 
TCT 


Ser 
TCT 
AGA 


val 
GTG 
CAC 


Ser 
AGT 
TCA 


Glu 
GAA 
CTT 


Ha 
ATA 
TAT 


Gin 
CAG 
GTC 


Leu 
CTT 
GAA 


Met 
ATG 
TAC 


His 
CAT 
GTA 


Asn 
AAC 
TTG 


Leu 
CTG 
GAC 


Gly 
GGA 
CCT 


Lys 
AAA 
TTT 


His 
CAT 
GTA 


Leu 
CTG 
GAC 


Asn 
AAC 
TTG 


Ser 
TCG 
AGC 


Met 
ATG 
TAC 


Glu 
GAG 
CTC 


Arg 
AGA 
TCT 


Val 
GTA 
CAT 


Glu 
GAA 
CTT 


Trp 
TGG 
ACC 


Leu 
CTG 
GAC 


Arg 
CGT 
GCA 


Lys 
AAG 
TTC 


Lys 
AAG 
TTC 


Leu 
CTG 
GAC 


Gin 
CAG 
GTC 


Asp 
GAT 
CTA 


Val 
GTG 
CAC 


His 
CAC 
GTG 


Asn 
AAT 
TTA 


Phe 
TTT 
AAA 


Val 
GTT 
CAA 


Ala 

GCC 
CGG 


Leu 
CTT 
GAA 


Gly Ala 

GGA GCT 
CCT CGA 


Pro 
CCT 
GGA 


Leu 
CTA 
GAT 


Ala 
GCT 
CGA 


Pro Arg 
CCC AGA 
GGG TCT 


Asp 
GAT 
CTA 


Ala 
GCT 
CGA 


Gly 
GGT 
CCA 


Ser 
TCC 
AGG 


Gin 
CAG 
GTC 


Arg 
AGG 
TCC 


Pro 
CCC 
GGG 


Arg 
CGA 
GCT 


Lys 
AAA 
TTT 


Lys 
AAG 
TTC 


Glu 
GAA 
CTT 


Asp 
GAC 
CTG 


Asn 
AAT 
TTA 


Val Leu 
GTC TTG 
CAG AAC 


Val 
GTT 
CAA 


Glu 
GAG 
CTC 


Ser 
AGC 
TCG 


His 
CAT 
GTA 


Glu 
GAA 
CTT 


Lys 
AAA 
TTT 


Ser 
AGT 
TCA 


Leu 
CTT 
GAA 


Gly 
GGA 
CCT 


Glu. 

GAG 

CTC 


Ala 
GCA 
CGT 



Asp Lys Ala Asp Val 
GAC AAA GCT GAT GTG 
CTG TTT CGA CTA CAC 



Asn Val Leu 
AAT GTA TTA 
TTA CAT AAT 



Thr Lys Ala Lys Ser Gin- 
ACT AAA GCT AAA TCC CAG TGA 
TGA TTT CGA TTT AGG GTC ACT 



AAA TGA AAA CAG ATA TTG TCA GAG 
TTT ACT TTT GTC TAT AAC AGT CTC 

GCA ACA ATA CAT GCT 
CGT TGT TAT GTA CGA 



TTC TGC TCT AGA CAG TGT AGG 
AAG ACQ AGA TCT GTC ACA TCC 
GCT AAT TCA AAG CTC TAT TAA GAT 
CGA TTA AGT TTC GAG ATA ATT CTA 



GTG CCA ATA TTT CTG 
CAC GGT TAT AAA GAC 

GCC ATG ATA ACT GCA 
CGG TAC TAT TGA CGT 

ATT CAT TTG AGT TAT 
TAA GTA AAC TCA ATA 



TTC CAA 
AAG GTT 



ATA TAA CAA 
TAT ATT GTT 

ATT TTA ATT 
TAA AAT TAA 

TTT AAT TAT 
AAA TTA ATA 



TTA AAG TAT GTT ATT GCA TAA TTT 

AAT TTC ATA CAA TAA CGT ATT AAA 

TTT AAA CCT CTC TTC 

AAA TTT GGA GAG AAG 



TAC CTT AAA 
ATG GAA TTT 



ATC ATA AGT CTA AAT 
TAG TAT TCA GAT TTA 



AAA TGA AGT 
TTT ACT TCA 



ACT 
TGA 

GAT 
CTA 

CTT 
GAA 

ATA 
TAT 

ATG 
TAC 

ATT 
TAA 



ACA 
TGT 



TGT 
ACA 



TCT 
AGA 



TAT 
ATA 

TTC TAT 
AAG ATA 

AAA GAA 
TTT CTT 

TAA AAC 
ATT TTG 

TCT 
AGA 



CAC 
GTG 



AAT CCA TCA CTA 
TTA GGT AGT GAT 

GAT TCC ACT TTT 
CTA AGG TGA AAA 

TGT TTA TTC TTT 
ACA AAT AAG AAA 

TAA AAT TCG ACT 
ATT TTA AGC TGA 

AAA AAT GTA ATG 
TTT TTA CAT TAC 

TCA JVA 
AGT TT 



Pra-Pro 



PTH 



01 39076 

-f- 



A Hybridvektor nach Anspruch 3. dadurch g e k e n n - 
ze i c h n e t . dafl er in Hunanzellen Oder Affenzellen. 
wie Affennierenzellen, klonierbar ist. 

5. Human-Parathormongen , 

(a) herstellbar gema3 Anspruch 3 (A) und 

(b) gekennzeichnet durch die z*ischen zwei Rl-Schnittstellen 
liegende DNA-Sequenz 3 e^a3 Anspruch 3 (3) oder einen Unter- 
bereich davon. 

6 Human-Parathornongen nach Anspruch 5, gekenn- 
zeichnet durch direkte Klonierbarke it in Humanzellen 
oder Affenzellen. 

7 Eukaryotische Zellen, insbesoadere Tierzellen Uie Affen- 
zellen) und Hunanzellen. die -nit dem Human-Parat hornongen 
gemaO Anspruch 6 oder 7 Human-Parathormon produzieren. 

8. verwendung der Zellen gemaQ Anspruch 7 zum Einsatz bei 
parathormondefekten Lebewesen (wie Menschen). 
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Pa tent an sprue he 



5 1. In prokaryot ischen Zellen klonierbarer und Human-Parat- 
hormon produzierender Hybr idvektor, gekennzeich- 
n e t durch folgende Merkmale: 

(a) einen Promotor, 
10 Cb) einen sich an den Promotor anschl i eGenden DNA-Bereich von 
O bis 1000. Oder 0 bis 200 Basenpaaren, 

(c) eine sich an den DNA-Bereich gemaO (b) anschl ieGende ribo- 
somale Bindungsste lie, 

(d) einen sich an die ribosornale Bindungsstelle anschlieflen- 
l 5 den DNA-Bereich von 4 bis 15 Basenpaaren, 

(e) ein sich an den DNA-Bereich gemaS (d) anschl ieGendes 
Startkodon und 

Cf) die folgende Human-Parathormon kodierende DNA-Sequenz: 

20 
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Ser Val Sep Glu lie Gin Leu Met His Asn Leu Gly Lys His 
TCT GTG AGT GAA ATA CAG CTT ATG CAT AAC CTG GGA AAA CAT 
AGA CAC TCA CTT TAT GTC GAA TAC GTA TTG GAC CCT TTT GTA 



Leu Asn Ser Met Glu Arg Val Glu Trp Leu Apg Lys Lys Leu 
CTG AAC TCG ATG GAG AGA GTA GAA TGG CTG CGT AAG AAG CTG 
GAC TTG AGC TAC CTC TCT CAT CTT ACC GAC GCA TTC TTC GAC 



Gin Asp Val His Asn Phe val 
CAG GAT GTG CAC AAT TTT GTT 
GTC CTA CAC GTG TTA AAA CAA 



Ala Leu Gly Ala Pro Leu Ala 
GCC CTT GGA GCT CCT CTA GCT 
CGG GAA CCT CGA GGA GAT CGA 



Pro Arg Asp Ala Gly Ser Gin Arg Pro Arg Lys Lys Glu Asp 
CCC AGA GAT GCT GGT TCC CAG AGG CCC CGA AAA AAG GAA GAC 
GGG TCT CTA CGA CCA AGG GTC TCC GGG GCT TTT TTC CTT CTG 



Asn Val 
AAT GTC 
TTA CAG 



Leu Val 
TTG GTT 
AAC CAA 



Glu Ser 
GAG AGC 
CTC TCG 



His Glu 
CAT GAA 
GTA CTT 



Lys Ser 
AAA AGT 
TTT TCA 



Leu Gly 
CTT GGA 
GAA CCT 



Glu Ala 
GAG GCA 
CTC CGT 



Asp Lys Ala Asp Val Asn Val Leu Thr Lys Ala Lys Ser Gin 
GAC AAA GCT GAT GTG AAT GTA TTA ACT AAA GCT AAA TCC CAG T 
CTG TTT CGA CTA CAC TTA CAT AAT TGA TTT CGA TTT AGG GTC A 
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Schema 3: 

Klonierungsschema fUr eine Human-PTH-Genexpression in 
E. coli 



1) Lambda-Humanhybr id 



RI RI 
A PTH 

H I ' ' 



RI RI RI RI 



1 



Subklon 
\ 

RI 



Sau 3 A 



JZZ^ 



Pre Pro PTH 



1Kb 



RI 



Sau 3 A RI 

+J — iJ- 



100 bp 



ONA-Sequenz innerhalb dieses mit RI herausgeschni ttenen 
Bereichs: (folgendes Blatt) 
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TGTCTTTAGTTTACTCAGCA TCAGCTACTAACATACCTGAACGAAGATCTTGTTCTAAGA 
ACAGAAATCAAATGAGTCGTAGTCCATGATTGTATGGACTTGCTTCTAGAACAAGATTCT 



CATTGTAT 



| Intron II ca. AQQ bp 







GTG 
-CAC 


AAG 
TTC 


(Met 
Iatg 

ITAC 


He 
ATA 
TAT 


Pro 
CCT 
GGA 


Ala 
GCA 
CGT 


Lys 
AAA 
TTT 


Asp 

GAC 
CTG 


Met 
ATG 
TAQ 


Ala 

GCT 
CGA 


LyS 
AAA 
TTT 


Val 
GTT 
CAA 


Met 
ATG 
TAC 


lie 
ATT 
TAA 


val 
GTC 
CAG 


Met 
ATG 
TAC 


Leu 
TTG 
AAC 


Ala 

GCA 
CGT 


He 
ATT 
TAA 


Cys 
TGT 
ACA 


Phe 
TTT 
AAA 


Leu 
CTT 
GAA 


Thr 
ACA 
TGT 


Lys 
AAA 
TTT 


Ser 
TCG 
AGC 


Asp Gly 
GAT GGG 
CTA CCC 


Lys 
AAA 
TTT 


Ser 
TCT 


Val 
GTT 
rAA 


Lys 
AAG 
TTC 




Intron 
ca. 30 I 


5P 


iLys 

A A fl 

|TTC 


Arg 

AUA 

TCT 


Ser 

1 C 1 

AGA 


Val 

CAC 


Ser 
TCA 


Glu 

A A 

CTT 


Ha 

A TA 

TAT 


Gin 
GTC 


Leu 
CTT 
GAA 


Met 
ATG 
TAC 


His 
CAT 
GTA 


Asn 
AAC 

TTG 


Leu 

f»Tft 
v lu 

GAC 


Gly 

UVJM 

CCT 


Lys 
AAA 
TTT 


MIS 

CAT 
GTA 


teu 
CTG 
GAC 


A A M 

Asn 
AAC 
TTG 


Cam 

ser 
TCG 
AGC 


net 
ATG 
TAC 


Oil) 
GAG 
CTC 


Ml _ _ 

Arg 
AGA 

TCT 


vax 
GTA 
CAT 


Glu 
GAA 

CTT 


Trp Leu Arg 
TGG CTG CGT 
ACC GAC GCA 


uys 
AAG 
TTC 


uys 
AAG 

TTC 


Leu 
CTG 
GAC 


Gin 
CAG 
GTC 


Asp 
GAT 
CTA 


Val 
GTG 
CAC 


His 
CAC 
GTG 


Asn 
AAT 
TTA 


Phe 
TTT 
AAA 


Val 
GTT 
CAA 


Ala 

GCC 
CGG 


Leu Gly Ala 
CTT GGA GCT 
GAA CCT CGA 


Pro 
CCT 
GGA 


Leu 
CTA 
GAT 


Ala 

GCT 
CGA 


Pro 
CCC 
GGG 


Arg 
AGA 
TCT 


Asp 
GAT 
CTA 


Ala 
GCT 
CGA 


Gly 
GGT 
CCA 


Ser 
TCC 
AGG 


Gin 
CAG 
GTC 


Arg 

AGG 
TCC 


Pro 

CCC 
GGG 


Arg 
CGA 
GCT 


Lys 
AAA 
TTT 


Lys 
AAG 
TTC 


Glu 
GAA 
CTT 


Asp 
GAC 
CTG 


Asn 
AAT 
TTA 


Val. 

GTC 

CAG 


Leu 
TTG 
AAC 


val 
GTT 
CAA 


Glu 
GAG 
CTC 


Ser 
AGC 
TCG 


His 
CAT 
GTA 


Glu 
GAA 
CTT 


Lys 
AAA 
TTT 


Ser 
AGT 
TCA 


Leu Gly Glu Ala 
CTT GGA GAG GCA 
GAA CCT CTC CGT 


Asp 

GAC 
CTG 


Lys 
AAA 
TTT 


Ala 

GCT 
CCA 


Asp 
GAT 
CTA 


val 

GTG 
CAC 


Asn 
AAT 
TTA 


val 
GTA 
CAT 


Leu 
TTA 
AAT 


Thr 
ACT 
TGA 


Lys 
AAA 
TTT 


Ala 

GCT 
CGA 


Lys 
AAA 

TTT 


Ser 
TCC 
AGG 


Gin 
CAG 
GTC 


TGA 
ACT 


AAA 

TTT 


TGA 
ACT 


AAA 
TTT 


CAG 
GTC 


ATA 
TAT 


TTG 
AAC 


TCA 
AGT 


GAG 
CTC 


TTC 
AAG 


TGC 
ACG 


TCT 
AGA 


AGA 
TCT 


CAG 
GTC 


TGT 
ACA 


AGG 
TCC 


GCA 
CGT 


ACA 
TCT 


ATA 
TAT 


CAT 
GTA 


GCT 
CGA 


GCT 
CGA 


AAT 
TTA 


TCA 
AGT 


AAG 
TTC 


CTC 
GAG 


TAT 
ATA 


TAA 
ATT 


GAT 
CTA 


TTC 
AAG 


CAA 
GTT 


GTG 
CAC 


CCA 
GGT 


ATA 
TAT 


TTT 
AAA 


CTG 
GAC 


ATA 
TAT 


TAA 
ATT 


CAA 
GTT 


ACT 
TGA 


ACA 
TGT 


TGT 
ACA 


AAT 
TTA 


CCA 
GGT 


TCA 
AGT 


CTA 
GAT 


GCC 
CGG 


ATG 
TAC 


ATA 
TAT 


ACT 
TGA 


GCA 
CGT 


ATT 
TAA 


TTA 
AAT 


ATT 
TAA 


GAT 
CTA 


TAT 
ATA 


TCT 
AGA 


GAT 
CTA 


TCC 
AGG 


ACT 
TGA 


TTT 
AAA 


ATT 
TAA 


CAT 
6TA 


TTG 
AAC 


AGT 
TCA 


TAT 
ATA 


TTT 
AAA 


AAT 
TTA 


TAT 
ATA 


CTT 
GAA 


TTC 
AAG 


TAT 
ATA 


TGT 
ACA 


TTA 
AAT 


TTC 
AAG 


TTT 
AAA 


TTA 
AAT 


AAG 
TTC 


TAT GTT 
ATA CAA 


ATT 
TAA 


GCA 
CGT 


TAA 
ATT 


TTT 
AAA 


ATA 
TAT 


AAA 
TTT 


GAA 
CTT 


TAA 
ATT 


AAT 
TTA 


TCG 
AGC 


ACT 
TGA 


TTT 
AAA 


AAA 

TTT 


CCT CTC 
GGA GAG 


TTC 
AAG 


TAC 
ATG 


CTT 
GAA 


AAA 
TTT 


ATG 
TAC 


TAA 
ATT 


AAC 
TTG 


AAA 
TTT 


AAT 
TTA 


GTA 
CAT 


ATG 
TAC 


ATC 
TAG 


ATA 
TAT 


ACT CTA 
TCA GAT 


AAT 
TTA 


AAA 

TTT 


TGA 
ACT 


AGT 

TCA 


ATT 
TAA 


TCT 
AGA 


CAC 
CTG 


TCA -AA 
AGT TT 
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2) erneuter Schnitt (Sau 3A) 



lotion Lya 



G AGGAG A AG A 
CTCCTCT TCTCT AG 



Ang Ser Val 

GATCTGTG 
AC AC 



3) Auffullen mit dG und dA 



4) Abbay mit S1-Nuklease 



5) Ligation mit DNA-Adaptor 



Ser Val 

GATCTGTG 
AG AC AC 



Ser Val 

TCTGTG 
AGACAC 



Met Ser Val 



EAT CG ATGITCTGTG 
TAGCTATfAfi AC AC 



6) erneuter Schnitt (Clal) 

Met Ser Val ' 

CGATGTCTGTG 
TAC AGACAC- 

-15- 
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Subklonieren in die Clal-Spaltstelle von pBR322 und 
erneuter Schnitt (Hindi I I ) 



dal Met Ser Vat 
A G C T T C AT C G ATG T C T G T G 
AGT AGCT ACAGACAC" 

verschiedene Auf f ul lreaktionen 

Met 

TC ATCG ATG 

AGT AGCT A C 

• ; Met 

TTCATCGATG 

AAGTAGCTAC 

Met 

CT TCATCGATG 

G AAGTAGCTAC 

Met 

GCTTCATCGATG 

CGAAGTAGCT AC 

Mgl 

AGCT TCATCGATG 

TCGA AGTAGC T AC 



-16- 
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9) Ligation mit ONA-Adaotoren ( 2 identischai LinKern) 

8am I S~ V* 



TCCCT AGGGA1t CCCT AGGG AjGCT TCATCGATGTCTGT G 4 
AGGGATCCCT AGGGATXCClJCGAAGT AGC T AC AG AC AC 



10) erneuter Schnitt (BamI) 



Stop RS 



Met Ser Vat 



arts 4 » si 



GATCCCT AG'GGAG 
GGATCCCTC 



CT TC ATCGATGT CT GTG- 
GAAGTAGCT AC AG AC AC* 



-ID insertion in ein Plasmid nach einem starken Promotor 



RI BamI BamI 

l t> I I CL 



RI 



Promotor Terminator 

PTH-g«n« lOObp 
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TELEX: ft 24 878 rnn 



Anderungen 



1. Seite 1 Zeilen .1 bis 2 sollen lauten: ^Human-Parathyroid- 
hormon (Human-PTH) produz ierende Hybridvektoren t Human— 
Parathyroidhormongen f eukaryotische Zellen mit dem Hybrid- 
vektor und deren Verwendung. 

2. Seite 1 Zeile 4 und fortlaufend in den Anmeldungsunter- 
lagen : ••Human-Parat hy roidhormon" statt "Human-Parathorfnon" . 

3. Seite 1 Zeile 5 soil lauten: "Calcium in Knochen. Die 
Wirkungen und Funktionen von Human-Parathyroidhormon und 
seinen Agonisten und Antagonisten werden von Dambacher, 
Praktische Osteologie, Thieme Verlag Stuttgart / NeW York 
1982; Reeve et al, British Medical J. 1340 (1980) 1 - 

11; und Potts et al, Advances in Protein Chemistry 35 (1982) 
323 - 395 beschrieben* 



Seite 4 Zeile 4 lautet 



'klonieren lassen. Einzelheiten 



- 2 



01 39076 



zum Klonieren und zur Expression von Genen unter der Steue- 
rung von E • —col i— Promo tor en beispielsweise in Streptomyces 
lassen sich bei Chater, Nature 299 (1982) 10 ff finden. 
Insbesondere kommt Escherichia coli in Be-". 

5. Seite 7 Zeilen 3 bis 4 lauten: "Tierzellen, insbesondere 
Wirbeltierzellen, beispielsweise Froschzellen (vgl. Wickens 
et al. Nature 285 (1980) 628 bis 634), Sauget ierzellen , 
Affenzellen, z.B. Aff ennierenzellcn und Humanzellen." 

6. Seite 7 Zeile 19 ist der folgende neue Absatz einzu- 
setzen: "SchlieBlich betrifft die Erf indung 

- eukaryotische Zellen, wie Tierzellen, insbesondere Wirbel- 
tierzellen, wie Froschzellen, Saugetierzellen , Affenzellen 
und Humanzellen, die Human-Parathyroidhormon mit dem 
Hybridvektor gemaQ den Anspriichen 5, 6, 7 Oder 8 produ- 
zieren, und 

- die Verwendung der vorstehend angefuhrten Zellen bei 
Organismen mit mangelhaf ten Wirkungen und Funktionen 
des Parathyroidhormons, beispielsweise bei Saugetieren, 
insbesondere Men sc hen . 

Beztiglich der Wirkungen und Funktionen eines spezifischen 
Parathyroidhormons in Organismen verschiedener SpezieSwird 
auf Goltzman et al, Pept. Chem. Struct, Biol., Proc. Am. 
Pept. Symp. 4th, 1975, p. 571 - 577, 574, verwiesen. 

Die im Detail angegebene DNA-Sequenz (Anspruch 1; Anspruch 
5 = Schema 2; Schema 1) kann durch DNA-Sequenzen ersetzt 
werden, deren Einzelst range sich mit den Einzelstrangen 
der im Detail angegebenen DNA-Sequenz hybr idisieren lassen. 
Ferner kann jedes Basentriplett durch ein Synonym ersetzt 
werden. •* 
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7. Seite 5 Zeile 12: ,, Human-Parathyroidhormongen M anstelle 
von "Human-Parathormon*' . 

8. Seiten 6, 11, 13 und 20: **Intron II ca. 4 OOO bp- an- 
stelle von "Intron II ca. 400 bp"; und "Intron I 103 bp" 
anstelle "Intron I ca* 80 bp". 

9. Seite 8 drittletzte Zeile: "entgegengese tz ten Uhrzeiger- 
sinn" statt "Uhrzeigersinn" . 

10. Seite 9 Zeile 10: "tac t T5" statt "tac T5". 

11. Seite 5 Zeilen 12 bis 13 und Seite 19 Zeilen 28 bis 29: 
"(g) das ermittelte Human-Parathyroidhormongen (die DNA- 
Sequenz zwischen den EcoRI-Schni ttstellen gemaB (B)) ieo- 
liert und in einen Expressionshybridvektor Uberfiihrt, der 
in eukaryotischen Zeilen kloniert werden kann, M . 

12. Seite 5 Zeile 15 t Seite 7 Zeile 11, Seite 8 Zeile 14 
und Seite 19 Zeile 30: "EcoRI-Schnittstellen" statt "RI- 
Schnittstellen" . 

13. Seite 5 letzte Zeile und Seite 19 Zeilen 32 bis 33: 
"EcoRI-Schnittstellen liegenden ONA-Sequenz aufweist, ins- 
besondere einen Unterbereich, der Human-Parat hyroidhormon 
Oder dessen Agonisten Oder Antagonisten exprimiert : " statt 
"Rl-Schnittstellen liegenden ONA-Sequenz /auf weist/: w . 

14. Seite 1 Zeilen 17 bis 21 und Anspruch 1 Zeilen 10 bis 
13 sollen lauten: "(b) gegebenenf alls einen sich an den 
Promotor anschl ieBenden DNA-Bereich von 1 bis 1000 Oder 

1 bis 200 Basenpaaren, (c) eine ribosomale Bindungsstelle , 
die sich an den DNA-Bereich gemaB (b) oder f sofern (b) 
fehlt, an den Promotor gemaB (a) anschlieBt 
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15, Seite 4 Zcile 32: "hybridisiert" statt -anlagert". 
-16. Entfallt. 

17. Seite 7 Zeilen 28 bis 29 lauten: M Aus den erhaltenen 
Hybridklonen wurden die Hybrid-Plasmid-DNAs isoliert und 
in ihrer Einzelstrangf orm an einen Trager fixiert. Aus den 
Nebenschi ldd rusen isolierte mRNA wurde in it fixierter Einzel- 
strang-DNA hybridisiert und entfernt und in**. 

18. Seite 7 Zeile 34: ••und DNA-Sequenzanalyse konnten" 
statt "konnten". 

19. Seite 8 Zeile 2: ••ne-cDNA-Parathyroidhormongen" statt 
H ne-Parathormongen M . 

20. Seite 8 Zeile 17 soli lauten: "klease Sau3A der PrS- 
Pro-Teil des PTH-Gens vom Gen" 

21. Seite 8 Zeile 16: "(2)- zu streichen. 

22. Seite 8 Zeile 18: "getrennt (2) tf . statt "getrennt. 
(3)-. 

23. Seite 8 Zeile 20: "(3) und- statt "und (4)". 

24. Seite 8 Zeilen 24, 29 und 33: ". (5)", ". (6 bis 7>" 
und C8)- werden w (4).- t -(5).- bzw. "(7).-. 

25. Seite 8 Zeile 32: "pBR322 (6 bis 7) gegen den Uhrzeiger- 
sinn" statt "pBR322 im Uhrzeigersinn" • 

26. Seite 9 Zeile 4: M (8). M statt ~. (9) M . 
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27. Seite S Zeile 6: "/TCCCTAGGGA/ (9). 



statt "/TCCCTAGGGA/ 



28. Seite 9 Zeile 9: "BamHI-Spaltstelle (10)- statt "BamHI. 
Spaltstelle". 



tt "geeignet". 



29. Seite 9 Zeile 11: "geeignet (11)" sta 

30. Seite 8 Zeile 30: "PTH-Genf ragment" statt "PTH-Frag- 
ment" . 



31. Seite 9 Zeile 13: "Die transf ormierten E." statt "Oie 
E.". 

32. Seite 9 Zeilen 24 bis 25: "Antikorper (spezifisch zu 
PTH-Fragmenten AS1-34, AS28-48 und AS48-68) wirksam" statt 
"Antikorper 1-34, 28-48 und 48-68 wirksam". . 

33. Seite 9 Zeile 31 soli lauten: "wurde PTH durch Extrak- 
tion gewonnen; es war im RIA positiv gegen Antikorper (spe- 
zifisch zu den PTH-Fragmenten AS28-48 und AS44-68)." 

34. Seite 16: -Rl" bedeutet "EcoRI". "BamI" bedeutet "BamHl- 
und "RS" bedeutet "ribosomale Bindungsstelle". 

35. Die folgenden Anspriiche 3 bis 4 sind hinzuzuf Ugen: 

"3. Hybridvektor nach Anspruch 1 oder 2. dadurch g e - 

e n n z e i c h n e t . da8 die spezifische DNA-Sequenz 
gemaB Anspruch 1 (f ) durch eine DNA-Sequenz ersetzt ist 
deren Einzelstrange mit den Einzelstrangen der spezifischen 
DNA-Sequenz hybridisiert werden konnen, WO bei die ersetzen- 
de DNA-Sequenz gewiinschte Produkte exprimieren kann. 
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4. Hybridvektor nach Anspruch 1, 2 Oder 3. dadurch g e - 
kennzeichnet. dafl ein Oder mehrere Basentrip- 
letts durch Synonyme ersctzt sind." 

35, Der bisherige Anspruch 3 wird Anspruch 5. 

36. Auf Seite 21 sollen die bisherigen Anspruche 4 bis 
8 durch die folgenden Anspruche ersetzt werden: 

"6. Hybridvektor nach Anspruch 5. dadurch g e k e n n - 
zeichnet , daB er in Tierzellen, insbesondere Wirbel- 
tierzellen, Saugetierzellen . Affenzellen. beispielsweise 
Affennicrenzellen und Humanzellen klonierbar ist. 



7. Hybridvektor nach Anspruch 5 Oder 6, dadurch g e - 

k e n n z e i c h n e t , daB die spezif ische DNA-Sequenz 
gemaB Anspruch 5 (B) durch eine DNA-Sequenz ersetzt ist. 
deren Einzelstrange sich mit den Einzelstrangen der spezi- 
fischen DNA-Sequenz hybr idisieren lassen, wobei die ersetzen- 
de DNA-Sequenz gewunschte Produkte exprimieren kann. 

8. Hybridvektor nach Anspruch 5, 6 Oder 7, dadurch g e - 
kennzeichnet, daB ein Oder mehrere Basentrip- 
letts durch Synonyme ersetzt sind. 

9. Human-Parathyroidhormongen: 

(a) herstellbar gemaB Anspruch 5 (A) und 

Cb) gekcnnzeichnet durch die zwischen zwei EcoRI-Schnitt- 
stellen iiegende DNA-Sequenz gemaG Anspruch 5 (B) Oder 
einen Unterbereich davon. 
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10. Eukaryotische Zellen, insbesondere Tierzellen,- beispiels- 
weise Wirbel t ierzellen , Sauget ierzellen t Affenzellen und 
Humanzellen, die Human-Parathyroidhormon mit dem Hybrid- 
vektor gemaB Anspruch 5 t 6, 7 Oder 8 produzieren. 

11. Verwendung der Zellen gemaB Anspruch 10 fiir Organismen 
( beispielsweise Saugetiere, insbesondere Menschen) mit 
Parathy roid-Mangelwirkungen Oder Parat hy roid-Mangelf unktio- 
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TGTCTTTAGTTTACTCAGCATCAGCTACTAACATACCTGAACGAAGATCTTGTTCTAAGA 
ACAGAAATCAAATGAGTCGTAGTCGATGATTGTATGGACTTGCTTCTAGAACAAGATTCT 

CATTGTATl Intron II ca. 400 bp 



GTAACATA | 






























GTG 
CAC 

Met 
ATG 
TAC 


AAG 
TTC 


Met 
ATG 
TAC 


He 

ATA 
TAT 


Pro 
CCT 
GGA 


Ala 
GCA 
CGT 


Lys 
AAA 
TTT 


Asp 
GAC 
CTG 


Met 
ATG 
TAC 


Ala 
GCT 
CGA 


Lys 
AAA 
TTT 


Val 
GTT 
CAA 


Met 
ATG 
TAQ 


lie 
ATT 
TAA 


Val 
GTC 
CAG 


Leu 
TTG 
AAC 


Ala 
GCA 
CGT 


He 
ATT 
TAA 


Cys 
TGT 
ACA 


Phe 
TTT 
AAA 


Leu 
CTT 
GAA 


Thr 
ACA 
TGT 


Lys 
AAA 
TTT 


Ser 
TCG 
AGC 


Asp Gly 
GAT GGG 
CTA CCC 


Lys 
AAA 
TTT 


Ser 
TCT 


Val 
GTT 


Lys 
AAG 
TTC 




AGA 


CAA 


























Intron I 
ca. 30 bp 


•Lys 
AAG 
ITTC 


Arg 
AGA 
TCT 


Ser 
TCT 
AGA 


Val 
GTG 
CAC 


Ser 
AGT 
TCA 


Glu 
GAA 
CTT 


Ila 
ATA 
TAT 


Gin 
CAG 
GTC 


Leu 
CTT 
GAA 


Met 
ATG 
TAC 


His 
CAT 
GTA 


Asn 
AAC 
TTG 


Leu 
CTG 
GAC 


Gly 
GGA 
CCT 


Lys 
AAA 
TTT 


His 
CAT 


Leu 
CTG 

HAP 


Asn 
AAC 

TTG 


Ser 
TCG 


Met 
ATG 
TAC 


Glu 
GAG 
CTC 


Arg 
AGA 
TCT 


val 

GTA 
CAT 


Glu 
GAA 
CTT 


Trp 
TGG 
ACC 


Leu 
CTG 
GAC 


Arg 
CGT 
GCA 


Lys 
AAG 

TTC 


Lys 
AAG 

1 It 


Leu 
CTG 


Gin 

V/MU 

GTC 


Asp 

CAT 
UM 1 

CTA 


Val 

■ J t o 

CAC 


His 
GTG 


Asn 
AAT 
TTA 


Phe 
TTT 
AAA 


Val 
GTT 
CAA 


Ala 

GCC 
CGG 


Leu 
CTT 
GAA 


Gly 
GGA 
CCT 


Ala 
GCT 
CGA 


Pro 
CCT 
GGA 


Leu 
CTA 
GAT 


Ala 

CGA 


Pro 
GGG 


Arg 
AGA 
TCT 


Asp 
GAT 
CTA 


Ala 
Mid 

GCT 
CGA 


Gl v 

GGT 
CCA 


C ^ r» 

Owl 

TCC 
AGG 


Gin 
CAG 
GTC 


Ara 
AGG 
TCC 


Pro 

ccc 

GGG 


Arg 
CGA 
GCT 


Lys 
AAA 
TTT 


Lys 
AAG 
TTC 


Glu 
GAA 
CTT 


Asp 
GAC 
CTG 


Asn 
AAT 
TTA 


val 
GTC 
CAG 


Leu 
TTG 
AAC 


Val 
GTT 
CAA 


Glu 
GAG 
CTC 


Ser 
AGC 
TCG 


His 
CAT 
GTA 


Glu 
GAA 
CTT 


Lys 

AAA 
TTT 


Ser 
AGT 
TCA 


Leu 
CTT 
GAA 


Gly Glu 
GGA GAG 
CCT CTC 


Ala 
GCA 
CGT 


Asp 
GAC 
CTG 


Lys 
AAA 
TTT 


Ala 

GCT 
CGA 


Asp 
GAT 
CTA 


val 
GTG 
CAC 


Asn 
AAT 
TTA 


val 
GTA 
CAT 


Leu 
TTA 
AAT 


Thr 
ACT 
TGA 


Lys 
AAA 
TTT 


Ala 

GCT 
CGA 


Lys 
AAA 
TTT 


Ser Gin 
TCC CAG 
AGG GTC 


TGA 
ACT 


AAA 
TTT 


TGA 
ACT 


AAA 
TTT 


CAG 
GTC 


ATA 
TAT 


TTG 
AAC 


TCA 
AGT 


GAG 
CTC 


TTC 
AAG 


TGC 
ACG 


TCT 
AGA 


AGA 
TCT 


CAG 
GTC 


TGT 
ACA 


AGG 
TCC 


GCA 
CGT 


ACA 

TST 


ATA 
TAT 


CAT 
GTA 


GCT 
CGA 


GCT 
CGA 


AAT 
TTA 


TCA 
AGT 


AAG 
TTC 


CTC 
GAG 


TAT 
ATA 


TAA 
ATT 


GAT 
CTA 


TTC 
AAG 


CAA 
GTT 


GTG 
CAC 


CCA 
GGT 


ATA 
TAT 


TTT 
AAA 


CTG 
GAC 


ATA 
TAT 


TAA 
ATT 


CAA 
GTT 


ACT 
TGA 


ACA 
TGT 


TGT 
ACA 


AAT 
TTA 


CCA 
GGT 


TCA 
AGT 


CTA 
GAT 


GCC 
CGG 


ATG 
TAG 


ATA 
TAT 


ACT 
TGA 


GCA 
CGT 


ATT 
TAA 


TTA 
AAT 


ATT 
TAA 


GAT 
CTA 


TAT 
ATA 


TCT 
AGA 


GAT 
CTA 


TCC 
AGG 


ACT 
TGA 


TTT 
AAA 


ATT. 
TAA 


CAT 
GTA 


TTG 
AAC 


AGT 
TCA 


TAT 
ATA 


TTT 
AAA 


AAT 
TTA 


TAT 
ATA 


CTT 
GAA 


TTC 
AAG 


TAT 
ATA 


TGT 
ACA 


TTA 
AAT 


TTC 
AAG 


TTT 
AAA 


TTA 
AAT 


AAG 
TTC 


TAT 
ATA 


GTT 
CAA 


ATT 
TAA 


GCA 
CGT 


TAA 
ATT 


TTT 
AAA 


ATA 
TAT 


AAA 
TTT 


GAA 
CTT 


TAA 
ATT 


AAT 
TTA 


TCG 
AGC 


ACT 
TGA 


TTT 
AAA 


AAA 
TTT 


CCT 
GGA 


CTC 
GAG 


TTC 
AAG 


TAC 
ATG 


CTT 
GAA 


AAA 
TTT 


ATG 
TAC 


TAA 
ATT 


AAC 
TTG 


AAA 
TTT 


AAT 
TTA 


GTA 
CAT 


ATG 
TAC 


ATC 
TAG 


ATA 
TAT 


AGT 
TCA 


CTA 
GAT 


AAT 
TTA 


AAA 
TTT 


TGA 
ACT 


AGT 
TCA 


ATT 
TAA 


TCT 
AGA 


CAC 
GTG 


TCA J\A 
AGT TT 
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EVALUATION OF US PATENT NO 4,698,321; DATAPATENT OCT. 1987. 



The inventors are Robert M. Neer, John T. Potts Jr., and David M. 
Slovic. They claim to have sufficient originality in developing 
a method which is aimed to increase bone mass in humans afflicted 
with osteoporosis or similar disease. The method comprises of 
administering to humans a combination treatment comprising of 
parathyroid hormone or physiologically active fragment thereof in 
combination with either a) a hydroxylated vitamin D compound (of 
that they mention la, 1,25 dihydroxy- and 25 hydroxy-vitamin D 3 
and vitamin D?) or related functional analogs or b) with or 
without a dietary calcium supplement. 

They give 31 different claims which extend the above general 
claim in direction where they deal with all kinds of formulation 
procedures, concentration variations as well as different 
supplement of salt and vitamins. 



Conclusion . 

It is important to realize that in their study from which they 
show one figure relating to osteoporotic men only, they have only 
used the biologically active 1-34 amino acid synthetic fragment 
of hPTH. They have carried out an intermittent treatment where 
PTH fragment has been given by injections on different days while 
Vit. D has been given as tablets in alternating scheme with the 
peptide. They had to use the Vit. D substitution because 
otherwise the patient would not aquire positive calcium balance, 
meaning that the increase in trabecular bone e.g. in the spine, 
would otherwise be the result of redistribution of calcium within 
the body . 

The nature has used millions of years of creating the best PTH 
and obviously the final result emerge as a 1-84 amino acid 
peptide and not as shorter fragments. Since the availability of 
the intact hormone is scarce and the peptide thus is expensive, a 
full study of its potential in this disease as well as in others, 
in comparison to the shorter peptide, has not been carried out. 
At present it is well known that ^he half-life in circulation of 
the 1-34 amino acid fragments is much reduced compared to the 
intact hormone. It is a puzzle that the 1-34 fragment, does not 
increase the endogenous production of the active Vit. D3 in the 
kidney which is one of the hormone's major physiological actxons. 
If, however, future studies using the intact hormone show that 
humans are in fact developing a positive calcium balance on 
treatment with this hormone alone, then we would have a complete 
physiological situation and the need for Vit. D supplement other 
than that present in normal food would be eliminated. Also, 
because of its well known longer survival time in the circula- 
tion, the formulation in general would be more apt to ease the 
work of drug administration. 
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SPECIFICATION 

Process for the production of human 
parathyroid hormone 

The present Invention relates to a process for 
5 the production of human parathyroid hormone 
(abbreviated as hPTH hereinafter). 

hPTH is a hormone, secreted by the parathyroid 
glands, that regulates the synthesis of activated 
vitamin D 3 , stimulates the release of calcium from 
1 0 bones and leads to an increase in the calcium level 
of the blood. No process for the mass production 
of low-cost hPTH has been established to date. 

We have investigated processes for the mass 
production of hPTH and have unexpectedly found 
1 5 that certain human iymphoblastoid cells capable 
of producing hPTH are suitable for the mass 
production of hPTH owing to their very high 
multiplication efficiency and high rate of hPTH 
production per cell. 

20 According to the present invention there is 
provided a process for the production of hPTH, 
which process comprises multiplying human 
Iymphoblastoid cells capable of producing said 
hormone by transplanting said cells to a non- 
25 human warm-blooded animal body, or 

alternatively by allowing said cells to multiply 
within a device in which the nutrient body fluid of 
a non-human warm-blooded animal is supplied to 
said ceils, and allowing the human Iymphoblastoid 

30 cells multiplied by either of the above 

multiplication procedures to release said hormone. 

The process according to the invention provides 
an extremely high hPTH yield, requires much less 
nutrient medium containing expensive serum for 

35 the cell multiplication or no such medium, and 
renders much easier the maintenance of the 
culture medium during the cell multiplication than 
in in vitro tissue culture. Particularly, any human 
Iymphoblastoid cells capable of producing hPTH 

40 can be multiplied easily while utilising the nutrient 
body fluid supplied from the non-human warm- 
blooded animal body by transplanting said cells to 
the animal body, or suspending the cells in a 
conventional diffusion chamber devised to receive 

45 the nutrient body fluid of the animal, and feeding 
the animal in the usual way. Also, in the present 
process one obtains a more stable and a higher 
rate of cell multiplication, and a higher hPTH 
production per cell. 

50 As regards the human Iymphoblastoid cells 
which may be used in the present invention, any 
human Iymphoblastoid cells can be used as long 
as they produce hPTH and multiply rapidly in the 
non-human warm-blooded animal body. 

55 Preferable human Iymphoblastoid cells are those 
introduced with hPTH production governing 
genetic sites of human cells which inherently 
produce hPTH such as normal or transformed 
parathyroid cells, or human cells which produce 

60 ectopic hPTH such as lung carcinoma cells, 

ovarian tumor cells, kidney carcinoma cells or liver 
carcinoma cells by means of cell fusion using 
polyethylene glycol, or by genetic recombination 
techniques using DNA ligase, nuclease and DNA 



65 polymerase; and other human Iymphoblastoid 
cells which produce ectopic hPTH. Since the use 
of such human Iymphoblastoid cells results in the 
formation of easily disaggregatable massive 
tumors when the cells are transplanted to the 
70 animal body, and the massive tumors are barely 
contaminated with the host animal cells, the 
multiplied live human Iymphoblastoid cells can be 
harvested easily. 

Any non-human warm-blooded animal can be 
75 used to perform the process of the present 
invention as long as the human Iymphoblastoid 
cells multiply therein. Examples of suitable 
animals are poultry such as chickens or pigeons, 
and mammals such as dogs, cats, monkeys, goats, 
80 pigs, cows, horses, guinea pigs, rats, hamsters, 
mice and nude mice. Since transplantation of the 
human Iymphoblastoid cells gives rise to 
undesirable immunoreactions, the use of a 
newborn or infant animal, or of an animal in the 
85 youngest possible stage, for example, in the form 
of an egg, embryo or foetus, is desirable. In order 
to reduce the incidence of immunoreactions as 
much as possible, prior to the cell transplantation 
the animal may be treated with Xray of y-ray 
90 irradiation, at about 200 — 600 rem, or with an 
injection of antiserum or an immunosuppressive 
agent prepared according to conventional 
methods. Nude mice exhibit weak 
immunoreactions; consequently, any human 
95 Iymphoblastoid lines capable of producing hPTH 
can advantageously be transplanted into, and 
rapidly multiplied in, nude mice without subjecting 
the mice to a pretreatment for suppressing 
immunoreactions. 
1 00 Stabilised cell multiplication and enhancement 
of hPth production can be both carried out by 
repeated transplantation using combination(s) of 
different non-human warm-blooded animals; the 
objectives are attainable first by implanting said 
1 05 cells in hamsters and multiplying the cells therein, 
then by reimpianting the ceils in nude mice. 
Repeated transplantation may be carried out with 
animals of the same class or division as well as 
those of the same species or genus. 
110 The human cells to be multiplied can be 

implanted in any site of the animai as long as they 
multiply at that site; for example, in the allantoic 
cavity, or intraveneousiy, intraperitoneatly, or 
subcutaneously. 
115 In addition to the above-mentioned direct ceil 
transplantation, any conventional human 
Iymphoblastoid lines capable of producing hPTH 
can be multiplied easily by using the nutrient body 
fluid supplied from the animal body by embedding, 
1 20 for example, intraperitoneally, in the animal body a 
conventional diffusion chamber, of various shapes 
and sizes, and equipped with a porous membrane 
filter, ultra filter or hollow fiber having a pore size 
of about 1 0~ 7 to 1 0" e m in diameter which 
125 prevents ingress of the host animal cells into the 
chamber but permits the cells to be supplied with 
the nutrient body fluid of the animal. Furthermore, 
the diffusion chamber can be designed, if desired, 
so as to enable observation of the cell suspension 
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in the chamber through transparent side 
window(s) provided on the chamber wall(s), and 
so as to enable replacement and exchange with a 
fresh chamber. In this way cell production per host 
5 can be increased to even higher levels over the 
period of the animal's life without any sacrifice of 
the host animal. When such a diffusion chamber is 
used, since little immunoreaction arises owing to 
the absence of direct contact of the human cells 
1 0 with the host animal cells, the multiplied human 
lymphobJastoid cells can be harvested easily, and 
any non-human warm-blooded animal can be 
used as the host in the present process without 
the need for any pretreatment to reduce 
15 immunoreactions. 

Feeding of the host animal can be carried out 
by conventional methods even after cell 
transplantation, and no special care is required. 
Maximum cell multiplication can be attained 
20 within 1 — 20 weeks, generally 1 — 5 weeks, after 
the cell transplantation. 

According to the invention, the number of the 
human lymphoblastoid cells obtained per host 
ranges from about 1 0 7 to 1 0 12 or more. In other 
25 words, the number of the human lymphoblastoid 
cells implanted in the animal body increases about 
1 0 2 to 1 0 7 times or more, or about 1 0 1 to 1 0 8 
times or more than that attained by in vitro tissue 
culture method using a nutrient medium; the 
30 human lymphoblastoid cells can therefore be used 
advantageously in the production of hPTH. 

As regards the method by which the human 
lymphoblastoid cells multiplied by either of the 
above described procedures are allowed to release 
35 hPTH, any methods can be employed as long as 
the said human ceils release the desired hormone 
thereby. For example, human lymphoblastoid ceils, 
obtained by multiplying in ascite in suspension 
and harvesting from said ascite, or by extracting 
40 the massive tumor formed subcutaneousiy and 
harvesting after the disaggregation of the massive 
tumor, are suspended to give a cell concentration 
of about 1 0 4 to 1 0 8 ceils per ml in a nutrient 
medium, prewarmed at a temperature of about 
45 20 — 40°C, and then incubated at this 

temperature for about 1 to 1 00 hours to produce 
hPTH. During the incubation, enhancement of 
hPTH production may be carried out by including 
one or more of an amino acid such as glycine, 
50 leucine, lysine, arginine and cysteine; an inorganic 
salt such as sodium chloride, potassium chloride, 
calcium chloride and magnesium sulfate; and a 
hormone such as dopamine, isoproterenol, 
epinephrine and norepinephrine. 
55 The hPTH thus obtained can be collected easily 
by purification and separation techniques using 
conventional procedures such as salting-out, 
dialysis, filtration, centrifugation, concentration 
and lyophilisation. If a more highly purified hPTH 
60 preparation is desirable, a preparation of the 
highest purity can be obtained by the above- 
mentioned techniques in combination with other 
conventional procedures such as adsorption and 
desorption with ion exchange, gel filtration, affinity 
65 chromatography, isoelectric point fractionation 



and electrophoresis. 

The hPTH preparation thus obtained can be 
used advantageously alone or in combination with 
one or more agents for injection, or for external, 
70 internal or diagnostical administration in the 
prevention and treatment of human diseases. 

The following Examples illustrate the present 
invention. 

In this specification, hPTH production was 
75 determined by a bloassay method as described in 
J. A. Parsons et ah, Endocrinology, Vol 92, pp. 
454 — 462 (1 973), and is expressed by weight in 
terms of the standard hPTH preparation, assigned 
1 ,300 USP units per mg, available from the 
80 National Institute of Health (USA). 

EXAMPLE 1 

Disaggregated human parathyroid tumor 
cells — extracted from a patient suffering from 
parathyroid tumor and minced — and a human 
85 leukemic lymphoblastoid line Namalwa were 
suspended together in a vessel with a salt 
solution, containing 140 mM NaCI, 54 mM KCI, 
1 mM NaH 2 P0 4 and 2 mM CaCI 2 , to give a 
respective cell concentration of about 10 4 cells per 
90 ml. The ice-chilied cell suspension was mixed with 
a fresh preparation of the same salt solution 
containing UV-irradiation preinactivated Sendai 
virus, transferred into a 37 °C incubator five 
minutes after the mixing, and stirred therein for 30 
95 minutes to effect cell fusion, thereby introducing 
the ability of the human parathyroid tumor cells of 
producing hPTH into the human leukemic 
lymphoblastoid line. 

After cloning according to conventional 
1 00 methods the hybridoma ceil strain capable of 
producing hPTH, the hybridoma cells strain was 
implanted intraperitoneally in adult nude mice 
which were then fed in the usual way for five 
weeks. The resulting massive tumors, about 1 5 g 
1 05 each, were extracted and disaggregated by 
mincing and trypsinizing. 

After washing the cells with Earle's 199 
medium (pH 7.2), supplemented with 1 0 v/v % 
foetal calf serum, the ceils were resuspended to 
110 give a cell concentration of about 1 0 s cells per ml 
in a fresh preparation of the same medium which 
contained 30 mM L-arginine and 20 mM CaCI 2 , 
and then incubated at 37°C for 40 hours to 
produce hPTH. Thereafter, the cells were treated 
1 1 5 ultrasonically, and the hPTH in the resulting 
supernatant was determined. The hPTH 
production was about 830 ng per ml cell 
suspension. 

Control cells were obtained by cultivating in 
1 20 vitro the human parathyroid cells at 37°C in 

Earle's 199 medium (pH 7.2), supplemented with 
1 0 v/v % foetal calf serum. These cells were 
treated similarly as described above to produce 
hPTH. The hPTH production was onfy about 4 ng 
1 25 per ml cell suspension. 

EXAMPLE 2 

Disaggregated human kidney carcinoma 
cells — extracted from a patient suffering from 



3 
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kidney carcinoma and minced — and a human 
leukemic lymphoblastoid line JBL were fused in a 
manner similar to that described in Example 1 , 
thereby introducing the ability of the human 
5 kidney carcinoma cells of producing hPTH into the 
human leukemic lymphoblastoid line. 

After cloning according to conventional 
methods the hybridoma cell strain capable of 
producing hPTH, the hybridoma cell strain was 
1 0 implanted subcutaneously in newborn hamsters 
which had been pretnjected with an antiserum 
(prepared from rabbits using conventional 
methods) so as to reduce the immunoreactions of 
the rabbits. The rabbits were then fed in the usual 
15 way for three weeks. 

The resulting massive tumors, formed 
subcutaneously and about 10 g each, were 
extracted and disaggregated by mincing and 
suspending in a physiological saline solution 

20 containing collagenase. 

After washing the cells with Eagle's minimal 
essential medium (pH 7.4), supplemented with 
5 v/v % human serum, the cells were resuspended 
to give a cell concentration of about 1 0 6 cells per 

25 ml in a fresh preparation of the same medium 
which contained 20 mM CaCI 2 and 20 mM 
dopamine, and then incubated at 37 °C for 20 
hours to produce hPTH. The hPTH production was 
about 1 .3 fig per ml cell suspension. 

30 Control cells were obtained similarly as 

described in Example 1 by cultivating in vitro the 
fused human leukemic lymphoblastoid line J LB. 
The control cells were treated similarly as 
described above. The hPTH production was only 

35 about 1 6 ng per ml cell suspension. 

EXAMPLE 3 

Newborn rats were implanted intravenously 
with a human leukemic lymphoblastoid line BALL-1 
into which the ability of human ovarian tumor 

40 cells of producing hPTH had been introduced in a 
manner similar to that described in Example 1 , and 
then fed in the usual way for four weeks. 

The resulting massive tumors, about 30 g each, 
were extracted and treated similarly as described 

45 in Example 1 to produce hPTH. The hPTH 

production was about 900 ng per ml suspension. 

Control cells were obtained similarly as 
described in Example 1 by cultivating in vitro the 
fused human leukemic lymphoblastoid line 

50 BALL-1 . These control cells were treated similarly 
as described above. The hPTH production was 
only about 1 0 ng per ml cell suspension. 

EXAMPLE 4 

After about 400 rem X-ray irradiation of adult 

55 mice to reduce their immunoreactions, the mice 
were implanted subcutaneously with a human 
leukemic lymphoblastoid line NALL-1 into which 
the ability of human lung carcinoma cells to 
produce hPTH had been introduced in a manner 

60 similar to that described in Example 1 . The mice 
were then fed in the usual way for three weeks. 

The resulting massive tumors, formed 
subcutaneously and about 1 5 g each, were 



extracted and treated similarly as described in 
65 Example 2 to produce hPTH. The hPTH production 

was about 1 .2 fig per ml cell suspension. 
Control cells were obtained similarly as 

described in Example 1 by cultivating in vitro the 

fused human leukemic lymphoblastoid line 
70 NALL-1 . The control ceils were treated similarly as 

described above. The hPTH production was only 

about 20 ng per ml cell suspension. 

EXAMPLE 5 

A human leukemic lymphoblastoid line TALL-1 
75 into which the ability of the human parathyroid 
tumor cells to produce hPTH had been introduced 
in a manner similar to that described in Example 1 
was suspended in physiological saline solution, 
and the resulting cell suspension was transferred 
80 into a plastic cylindrical diffusion chamber (inner 
volume: about 1 0 ml) and equipped with a 
membrane filter having a pore size of about 0.5 §i 
in diameter. After intraperitoneal embedding of 
the chamber into an aduft rat, the rat was fed in 
85 the usual way for four weeks, and the chamber 
was removed. 

The human lymphoblastoid cell density in the 
chamber attained by the above operation was 
about 6 x 1 0 B cells per ml which was about 1 0 Z 
90 times higher or more than that attained by in vitro 
cultivation using a C0 2 incubator. The human 
lymphoblastoid cells thus obtained were treated 
similarly as described in Example 2 to produce 
hPTH. The hPTH production was about 1 .1 fig per 
95 ml cell suspension. 

Control cells were obtained by suspending the 
human parathyroid tumor cells in physiological 
saline solution, transferring the resulting cell 
suspension in the chamber, embedding 
1 00 intraperitoneally the chamber into an adult rat, 
feeding the rat in the usual way for four weeks, 
and harvesting the multiplied human 
lymphoblastoid cells (human cell density, about 
8 x 10 B ceils per ml). The control cells were 
1 05 treated similarly as described above. The hPTH 
production was only about 3 fig per ml cell 
suspension. 

EXAMPLE 6 

A human leukemic lymphoblastoid line JBL into 

1 1 0 which the ability of the human lung carcinoma 
cells to produce hPTH had been introduced in a 
manner similar to that described in Example 1 was 
implanted in the allantoic cavities of embryonated 
eggs which had been preincubated at 37°C for 

1 1 5 five days. After further incubation of the eggs at 
this temperature for an additional one week, the 
chamber was removed. 

The multiplied human lymphoblastoid cells thus 
obtained were treated similarly as described in 

120 Example 1 to produce hPTH. The hPTH production 
was about 700 ng per ml cell suspension. 

In a control experiment in which the human 
lung carcinoma cells were implanted in the 
allantoic cavities of embryonated eggs, no cell 

125 multiplication was observed. 
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CLAIMS 

1 . A process for the production of human 
parathyroid hormone (hPTH), which process 
comprises multiplying human lymphoblastoid cells 

5 capable of producing said hormone by 

transplanting said cells to a non-human warm- 
blooded animal body, and allowing the multiplied 
human lymphoblastoid cells to release said 
hormone; or multiplying human lymphoblastoid 

1 0 ceils capable of producing said hormone by 
allowing said cells to multiply within a device in 
which the nutrient body fluid of a non-human 
warm-blooded animal is supplied to said cells, and 
allowing the multiplied human lymphoblastoid 

1 5 cells to release said hormone. 

2. A process according to Claim 1 , wherein the 
human lymphoblastoid cells are hybridoma cells 
obtained by cell fusion of a human lymphoblastoid 
line with human cells capable of producing hPTH. 

20 3. A process according to Claim 2, wherein the 
hybridoma cells are those obtained by cell fusion 
of a human lymphoblastoid line with human 
parathyroid tumor cells. 

4. A process according to Claim 2, wherein the 
25 hybridoma cells are those obtained by cell fusion 

of a human lymphoblastoid line with human 
kidney tumor cells. 

5. A process according to Claim 2, wherein the 
hybridoma cells are those obtained by cell fusion 

30 of a human lymphoblastoid line with human 



ovarian tumor cells. 

6. A process according to Claim 2. wherein the 
hybridoma cells are those obtained by cell fusion 
of a human lymphoblastoid line with human lung 

35 carcinoma cells. 

7. A process according to any one of Claims 2 
to 6 wherein the human lymphoblastoid line is a 
human leukemic lymphoblastoid line. 

8. A process according to any one of Claims 2 
40 to 7, wherein the human lymphoblastoid line is 

Namalwa, BALL-1 , NALL-1 , TALL-1 or JBL. 

9. A process according to any one of the 
preceding Claims, wherein the multiplied human 
lymphoblastoid cells are allowed to release hPTH 

45 in the presence of one or more of glycine, leucine, 
lysine, arginine, cysteine; sodium chloride, 
potassium chloride, calcium chloride, magnesium 
sulfate; dopamine, isoproterenol, epinephrine and 
norepinephrine. 

50 1 0. A process according to any one of the 
preceding claims, wherein the non-human warm- 
blooded animal is a chicken, pigeon, dog, cat, 
monkey, goat, pig, cow, horse, guinea pig, rat, 
hamster, mouse or nude mouse. 

55 1 1 . A process according to Claim 1 

substantially as hereinbefore described in any one 
of the Examples. 

12. Human parathyroid hormone whenever 
prepared by a process as claimed in any one of the 

60 preceding claims. 
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:haracterizatio n of a Novel Parathyroid Ho«none(PTH) 
Sector with Specificity for the Carboxyl-Termmal 
legion of PTH-d-84)* 

J. INOMATA, M. AKIYAMA. N. KUBOTA, j*» H. JUPPNEE 



Conterminal fragments of PTH (C-PTH) appear ^ 
.logical property different fcjm Uiosemedoa^d ^he 
minS^oruona of PTH and FTH-related peptide CPTHrP)_To chax 
actarire a C-PTH receptor that may be involved in mediating these 
S we^erfornLd RBAs and affinity cro fl -Uixlung s^oes 
with several clonal cell lines. Radiolabeled recombuiant 

PTH-U9-84) CmutPTH-(19-84)] ahowed little or no specific binding to 
^£y expressed recombinant PTH/PTHrP receptors However high 
Lffiiuty tod^was observed using osteoblaat-uke osteosarcoma (ROS 
W2$ andmf parathyroid (PT-r3) cells. The appnrentK. ^ues were 
20-^0 nM for FTH-U-84), mutPTO-(l-64), and ™™^ 8 «! £ 
spoctively: 400-800 nM for PTH-<39-84); and mor« than 5000 uM f or 
rarW53-84) CNle^^.Tyi^^bovine PTH-( 1-34) amide [PTH-(l-34)], 
FlS^eB) FTHrP-b7--74), and PTHrP-(l09-Ul) ahowea no <ns- 



that the carbaxyl-tenmnal pOToa of I^^84) b^d^P^^tod 
unique receptor/binding protein 

PTWPTHrP receptor. (Sndocrtnoiogy 13* 4732-4740, 1990) 



>TH is the major regulator of calcium and phosphate 
JL homeostasis through its actions on bone and kidney. 
Intact PTH comprises 84 amino acids, but only the amino- 
terminal 1-34 fragment is necessary and sufficient tor evok- 
ing aU classical functions of PTH (1). This aimno- terminal 
portion of the PTH molecule shares significant structural and 
functional homology with PTH-related peptide (PTHrP), 
which is the major cause of the syndrome ot humoral hy- 
percalcemia of malignancy (2). Due to this similarity, ammo- 
Terminal analogs of both ligands bind with similar or iden- 
tical affinity to the common PTH/PTHrP receptor that is a 
member of a novel family of G protein-coupled receptors (3). 

PTH-U-S4) is the predominant secretory product ot para- 
thyroid glands. However, fragmentation of the intact peptide 
occurs in several peripheral organs, most notably liver and 
kidney (1), and at least its hepatic metabolism apP ear * to be 
influenced by extracellular calcium concentrations (4). Car- 
boxyl-ternunal fragments are predominantly eliminated by 
the kidney, which explains their significant accumulation in 
patients with renal failure (5). The increased secrenon of 
intact PTH and/or these poorly defined carboxyl-terminal 
PTH fragments may be at least partially responsible for some 
of the uremia-related metabolic disturbances (6^7). 

Large portions of the carboxyi-terrninus of PTH are wen 
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conserved in several mammalian speoes and m chicken, 
which suggests that this part of the PTH molecule serves 
Lportanfliological functions (8). This ^ 
ported by earlier studies that showed specific binding ^ 
for carboxyl-terminal PTH fragments in renal plasma mem- 
branes and osteoblast-like cells (9, ™ 
thetic fragment of PTH, PTH-C53-84), ^ 
phosphatase activity in dexamethasone- tinted, ROS 17/" 
cells (10, ID, and more recent studies showed 
(39-84) and PTH-(53-84), but not shorter or unrelated pep- 
tides dostdependentiy stimulate the differentiation of OS- 
feoSast precursors intoosteoclast-Uke cells (m»~ 
su ™ that specific receptors for the carboxy -term^ por- 
tion of PTH-O-84) (C-PTH receptor) not only exist on os- 
S£Kat are also present on either osteodastp^eo^ 
or mature osteoclasts, as indicated by previous uximurtohis- 
tochemical studies (13). c nr fr v,- 

To characterize such a receptor with 
carboxyl-terminal portion of PTH that could be imphcatedm 
some of the aboveobservations, we generated recombinant 
ar^ogs of human PTH-O-84) that interact l^^^g 
all with the receptor that recognizes arruno-tei^runal PTH 
a^o^irP RRAs with ROS 17/2.8 and T£r3 , c*. showed 
high affinity binding of radioiodinated 

thai was inhibited by PTH-C1-84) and several carboxyl- er- 

4732 
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Fig. 1. Schematic representation of 
the plasmids encoding the fusion pro- 
line hGH^Met B - lfl ,Phfi 34 IhPTH-(l-S4) 
(pGTP-C2), hGH/CMet^^.Tyr^lhPTH- 
(1_84) (pGTP-Tyr 34 ), and hGH/ 
[Leu 8 * 18 /Tyr^lhPTrH 1- 84) (pGTP- 
Leu 8 - ls ,Tyr 34 ). Amino acids are shown 
in ainffle letter code- The (Gly-Gly-Thr) 
spacer that introduces a Kpnl restric- 
tion site and the thrombin recognition 
sequence (Leu-Val-Pro-Arg) are indi- 
cated; additional unique restriction 
sites that do not change the encoded 
amino add sequence are shown. 



PGTP-C2 



pGTP-Leu a ' 18 ,Tyr3 4 



pGTP-Tyr 34 



Kpn\ fcoT221 Eccftl M/ul Hind\\\ £co81l 
I 1 \b/ ,/ 3 *J^_ 



Kpnl EcoR\ HfndW fcoflll 

I \ / / 



Kpn\ £coTZ21 EcoRI M/ul Hindm EcoBU 

\ ' ' ' ' 



84 




[Tyr 34 ]hPTH-(19-84) tmutFTH-(19-84)l revealed evi- 
dence for an approximately 90-kiiodalton (kDa) C-FTH 
receptor protein in both cell lines. In ROS 17/2.8 cells, we 
identified an additional radiolabeled protein that is about 
40 kDa in size. 



Materials and Methods 

Synthetic peptides and highly purified bovine (b) PTH- 
(1-84) 

Most synthetic and recombinant peptides that were used in this study 
are listed in Table 1 together with their abbreviated names. 
[Nle 8 - I8 ,Tyr M lbPTH-(l-34)amide, [Asn 76 ]hPTH-(53- 84), and hFTH- 
(44-68) were purchased from Bachem (Torrance, CA), [Asn ]hPTH- 
(39-84) was obtained from Peninsula Laboratories (Belmont, CA). Dr. 
H.T Keutmann (Endocrine Unit, Massachusetts General Hospital, Bos- 
ton, MA) provided tTyr^lhFTHrP-U-aejamide, which was synthesized 
as described previously (14), and bPTH-(l-84) was extracted from bo- 

TABLE 1. Synthetic and recombinant peptides used in this study 



vine parathyroid glands and purified to homoge^ry as described 
previously (15). The human PTHrP fragments, PTHrP-(37-74) and 
P7HrP-(109-141), were kindly provided by Dr. A. F. Stewart (Yale 
University, New Haven, CT). The synthesis of [N--(4-azido-2- 
rutro P henyl>Ala l ,Tyr 36 lPTHrP-(l-36)amide (compound D-2) was 
previously described (16). 

Production and purification of recombinant PTH analogs 

Recombinant hPTH-(l-64) was prepared and purified as descr ibed 
previously (17). To facilitate the expedite production o f diff erent re- 
combinant PTH analogs, we generated the plasmid pGTP<2 from 
pGFP-1 (17). The factor Xa cleavage site of pGFP-1 was replaced by a 
thrombin cleavage site (Leu-Val-Fro-Arg) together with a three anuno- 
ac jd (Gly-Gly-Thr) spacer that introduced a Kpnl restriction site. Addi- 
tional unique restriction sites were also introduced into pGTP-C2 to 
allow the rapid cassette replacement of various portions of the com- 
plementary DNA encoding human PTH-<l-84) (Fig. 1). The Kpnl/ 
EcoT22I, EcaW/HindUl. and HindHl/EcoSIl fragments of pGTP-C2 were 
then replaced by synthetic double strand oligonucleotides in which the 



Ligand 



Abbreviated name 



Binding to the 
PTH/PTHrP receptor 



Binding to the 
C-PTH receptor 



hPTH-(l-84) 

[Leu 6 - 13 ,Tyr 34 ]hPTH-( 1- 84) 

[Tyr 34 ThPTH-(19-84) 

[Asn 76 JhPTH-<39-84) 

[Asn 7fl lhPTH-(&3-84> 

[Nl6 a *" f Tyr 34 ]bPTH-(l-34)amide 

hPTH-(44-68) 

PTHrP-<37-74) 

FTHrP-(109-141) 

[Tyr^lPTHrP-C l-36)amide 



PTH-(l-84) 

mutPTH-(l-84) 

mutPTH-(19-S4) 

PTH-(39-B4) 

PTH-(53-84> 

PTH-(l-34) 

PTH-(44-68) 



PTHrP-(l-36) 



+ + + 

+ + •+■ 



Oorot^aH OCJC-OQ f)'>-\(; r)m 
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\TG codons for Met 9 and Met 18 , and TTT for Fhe 34 were changed to CTG 
(Leu aifl ) and TAT (Tyr"), respectively. The resulting P^SSStPhm ' 
LeL 8 -" Tyr 3 * encodes the fusion protein hGH/[L e u 6 ft ,Tvr^]hPT?I : (l- 
34). To produce [Ty?*lhFTH-(19-84) by cyanogen bran^e^gest.on 
the codon for Fhe** in the Hmdm/EcoBlI fragment of pCTP-C2 was 
replaced by TAT (Tyr 3 *) to generate pGTP-Tyr**. The predicted nucle- 
otide sequence of all plasmids was confirmed by nucleotide sequence 

an Both mutant hGH/FTH fusion proteins were prepared and purified 
from bacterial cultures as previously described (17), except that throm- 
bin was used instead of factor Xa to cleave PTH-U-&4) from the fusion 
protein. To generate (Tyr*]hFTH-(19-84), [Tyr~lhFTH-(l-84) was di- 
gested with 50 mM cyanogen bromide in 70% formic acid according to 
standard protocols, followed by reverse phase HPLC purification to 
homogeneity using a 30-50% acetonitrile-0.1% trifluoroacetic aad gra- 
dient over 30 min at a flow rate of 1 ml/min. The predicted ammo aad 
sequence and composition were confirmed for both peptides by ammo- 
terminal amino add sequence analysis and hydrolysis for ammo aad 
composition, and by mass spectrophotometry, respectively. 
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Other chemicals and reagents 

8-Bromo-adenosine-3',5'-monophosphate (8Br-cAMP) and dexa- 
methasone were purchased from Sigma Chemical Co. (St. Louis, MO), 
the heterobifunctional cross-linker sulfo-SMFB was obtained from 
Pierce Chemical Co. (Rockford, EL), and 14 C-methylated protems (mol 
wt range, 14,300-200,000 daltons) were obtained from Amersham Life 
Science (Arlington Heights, IL). All tissue culture media, gentamicin, 
0.05% hypsuv0.53 mM EGTA, and horse serum were purchased from 
GIBCO (Grand Island, NY). Fetal bovine serum (FBS) was obtained from 
Hydone (Logan, 1ST). 

Cell culture 

The following cell lines were obtained from the indicated investiga- 
tors- ROS 17/2.8 cells from G. A. Rodan (Merck, Sharp, and Dohme, West 
Point, PA); rat parathyroid (FT-r3) cells from M. L. Brandi (University 
of Florence, Florence, Italy) (18); SaOS-2 cells from A. H. Tashjian, Jr. 
(Harvard School of Public Health, Boston, MA); opossum kidney ceus 
from G. J. Strewier (University of California, San Franasea CA); 
UMR106-01 cells from J. T. Martin (St Vincent's Institute of Medical 
Research, FiUruy, Australia); YCC cells from J. J. Orloff (Yale University, 
New Haven, CD; MG63 cells from American Type Culture Collection 
(Rockvule. MD); LLCPK 1 cells from S. M. Krane (Arthritis Lirut, Mas- 
sachusetts General Hospital, Boston, MA); and LLCPK 1 expressing the 
cloned rat PTH/FTHrF receptor (clone AR-B44) (19) from F. R- Bnng- 
hurst (Endocrine Unit. Massachusetts General Hospital, Boston, MA). 

Monolayer cultures of each cell line were grown in Eagle's Minimum 
Essential Medium (MEM; SaOS-2), calcium-free MEM (YCC), DMEM 
(LLCFK,, AR-B44, MG63, and OK), Ham's F-12 (ROS 17/2.8), or Ham s 
F-12-Dulbecco's ModiEed Eagle's Medium (1:1; UMR106, PT-r3) sup- 
plemented with 5-10% FBS and gentamicin (10 mg/ liter) and were 
incubated in a humidified atmosphere of 5% CO,-95% air at 37 C. 
Medium was changed every 2-3 days, and cells were subcultured 
weekly using 0.05% trypsin-0.53 mM EGTA. Cells for radioreceptor 
binding studies were plated 5-6 days before each experiment at a den- 
sity of 1 x 10 3 cells/well; medium was changed every other day and 
18-24 h before each experiment. For some experiments, 8Br-cAMF, 
dexamethasone, and PTH analogs were added to the culture medium for 
the last 2 days of culture, with daily changes of the medium. 

RRAs 

MutPTH-O-84), mutPTH-<19-84>, bPTH-U-84), and PTHrF-U-o6) 
were radioiodinated with Na[ 1M n (2000 Ci/mmol; New England Nu- 
clear Corp., Boston, MA) by chloramine-T as previously describe a U0>. 
Each radiolabeled peptide was purified by reverse phase HFLC using 
a gradient of 30-50% acetorutrile-0.1% trifluoroacetic acid over 30 mm 
at a flow rate of 2 ml/min. Fractions containing the peak radioactivity 
were stored at -20 C until use. 

Ceils were rinsed once with 0.75 ml binding buffer IBB; 50 mM 
Tris-HCl (pH 7.7), 100 mM NaCl, 5 mM KC1, 2 mM CaCl*, 5?= heat- 



Swl^ 

U^d^adioligan P d was then removed, and me ceU monoUy^w^ 
rinsed three times' with 0.75 ml BB. Cells were ^ d ^L^^t™ 
the lysates were counted in a Micromedic 4/200 Y^ramOT OCN 
Biom^iicals,Horsham, PA). For protem determinations, lOul^tysate 
were measured by the BCA protem assay kit (Pierce Chemical Co., 
Rockford, IL) according to the maniifacturex's instructions vuungBSAw 
standi. Data are given as the mean ± sem of at least two independent 
experiments performed in duplicate or triplicate. 

Affinity cross-linking studies and sodium dodeeyl sulfate- 
polyacrylamide gel electrophoresis (SDS-PAGE) 

ROS 17/2.8 or PT-r3 cells were plated in 24-weU plates at a deMtty 
of 1 x 10 5 cells /well and incubated as described above. After reactung 
confluency, the cells were incubated in the presence or absence of 3 X 
10-* m 8Br-cAMP for 2 days (unless stated difierenuy) with daily 
changes of the medium. After rinsing the cells with BB buffered with 50 
mM HEPES (pH 7.7; HBB) instead of 50 mM Tris (pH 7.7), 200 *U 
[ 125 HmutPTH-a-84) or [ !M nmutPTH-(19-84) (each -200,000 cpm/ 
well) were added in the absence or presence of increasing ccmcertbmtiona 
oSSed FTH-(1^4), PTH-(l-84), mutPTH-<19-84), or FWH»- 
84). After incubation for 4 h at 16 C, the cells were rmsed twice wiAHBB 
and twice with protein-free HBB. One milliliter of 0.1 mM eutfo-SMFB 
in protein-free HBB was then added to each well, ^mo^tim^ was 
continued for 30 min on ice. Crc^linking was terminated by adding 1 
m Tris-HCl, pH 8.0 (100 ul/well). After 30 min on ice, the incubation 
mixture was aspirated completely from each welL and ^ eellswere 
Z^Zith 50 JTSDS-PAGE sample buffer 14% (wt/voD SDS, BO i w* 
Tris-HCl (pH 6-8), 20% glycerol, and 550 mM 2-mercaptoethanoll. After 
incubation at 65 C for 30 min, 10 ^ of each eeU Tysate were -wiywd W 
electrophoresis through a polyacrylamide gel (5-20% gradient) and sub- 
sequent autoradiography with an intensifying screen at -BO C lor sev- 
eral days, as indicated in the figure legends. 



Results 

Screening of clonal cell lines for C-PTH receptors 

Preliminary radioreceptor studies were conducted with 
[ l25 l]bPTH-(l-84) that was labeled on tyrosine 43 by the 
cHoramine-T method. Due to the concurrent ^xjd^ation ^of 
both methionines (positions 8 and 18), [ 125 UbFTH-(l-84) 
binding to the common PTH/PTHrP receptor was rnnranaL 
Several clonal cell lines were initially screened, and signifi- 
cant binding of [ l25 IlbPTH-<l-84) was observed to ROS 17/ 
2 8 cells (total binding, 7.1 ± 039%) and to PT-r3 cells (total 
bindinc, 6.1 ± 0.04%). Radioligand binding was completely 
inhibited by coincubation with FTH-d-84) <™~* m) and 
partially inhibited by PTH-(39-84) or PTH-C53-84) (both 
10" 6 m), whereas PTH-(l-34) <10" 6 m) had no or httle effect. 
Other clonal cell lines showed reduced levels of radioligand 
binding (UMR106 cells, 2.0 ± 0.03%; opossum ^dney ceUs, 
3.3 - 0 37%) or no binding (YCC cells, 0.22 - 0 04^SaOS-2 
ceUs 0.24 x 0.03%; MG63 cells, 0.20 ± 0.02%; LLCFK t cells, 
0 24 '± 0 03%). As ROS 17/2.8 and FT-r3 cells demonstrated 
the highest specific binding of l 12S IlbPTH-(l-84), all subse- 
quent studies to characterize the C-PTH receptor were con- 
ducted with these two cell lines and with recombinant 
mutPTH-(l-S4) and mutPTH-(19-84), because both Uganda 
could be generated in unlimited quantities and high quality. 
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PTHrP(1-36) 



'mutPTHO-84) 



01111^09-84) 



Fta. 2. Bindir^of radiolabeled^^ 

and Methods with LLCPK t ceils expressing the rat ^^^^ ^sru^f^t vrvuu fo^~^u^(C. nr!d D performed far 4 h at 16 C in tha absence <H> 



RRAs usin# LLCPK Z cells that express the cloned 
PTH I PTH rP receptor 

To rule out that carboxyl-termina! PTH fragments specif- 
ically bind to the cloned PTH/PTHrP receptor, we first con- 
ducted radioreceptor studies with clonal AR-B44 cells (LL- 
CFK, cells that express —700,000 copies of the cloned rat 
PTH/PTHrP receptor /cell) (19) and different radiolabeled 
Hgands in absence or presence of excess amounts of several 
PTH analogs. Using these cells, total radioligand binding was 
32.4 ± 0.62% for [ 125 I]FTHrP-(l-36) and 1.6 ± 0.07% for 
[ 12S HmutPTH-(l-84) (Fig. 2, A and B). Total binding of 
[ l2S TlmutPTH-(19-84) binding was even lower (0.5 ± 0.03%; 
Fig. 20 than that observed with ( i23 HmutPTH-U-84), and it 
was indistinguishable from the binding observed with the 
parental LLCPK 1 cells (Fig. 2D). Nonspecific binding, assessed 
in the presence of the respective unlabeled peptide, was 13 ± 
0.03% for [ 123 nPTHrP-(l-36), 0.3 £ 0.01% for [ 125 I]mutFTH-U- 
84), and 03 ± 0.01% for [ l25 HmutPTH-(19-84). 



RRAs using ROS 1712.8 and PT-r3 cells 

Radioreceptor studies with both cell lines gave similar 
results when using either [ l2S HmutFTH-(l-84) or 
[ 12S T]mutFTH-(19-84) as radioligand (Figs. 3, A and B, and; 
4, A and B). Interestingly, total and specific binding of 
[ 125 I]mutPTH-(19-84) was consistently about 2-fold higher 
than that of [ 123 nmutPTH-(l-84). The amount of total ra- 
dioactivity bound to ROS 17/2.8 cells was 5.1 ± 0.50% for 
l l25 l]mutPTH-U-84) and 113 ± 1.55% for [ 125 T]mutPTH-<19- 
84); nonspecific binding, assessed in the presence of 10" M 
PTH-(l-84), was 0.4 ± 0.10% and 0.6 ± 0.04%, respectively. 
Total binding to PT-r3 cells was 5.6 ± 0.52% and 93 ± 0.59%, 
respectively; nonspecific binding was 0.9 ± 0.13% and 0.4 ± 
0.077o, respectively. 

For both cell lines, the apparent Kd values were 20-30 tim 
for PTH-(l-84), mutFTH-(l-84), and mutFTH-(19-84), re- 
spectively, whereas PTH-(53-84) had an apparent IQ of more 
than 5000 hm (data not shown), and FTH-(l-34) and PTH- 




Ligand [M] 

PIC. 3. Radioreceptor studies with ROS 17/2.8 cells. Cell* wore incubated as described in ^'^^^^^^^^^^S^y <g- 
[-DmutPIH-dS-a^) <B), or (^PTHrP-0 ^6) (C> in the absence or presence of ^^^^^^X ££wS£2i rep^sent 
mutPTH-(19-84) (G), PTH-<39-84) (•), or FTH-U^34) (V) for 4 h at 16 C. Data are expressed as a percentage ot ™ — * *" 
the mean ± SEM of at least three independent experiments performed in duplicate or triplicate. 
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TABLE 2. Effect of PTH, dexamethasone, and 8 Br-cAMP on 
C-PTH receptor expression in ROS 17/2.8 cells 



-11 -10 -9 -8 -7 -6 -11 -10 

Ligand [M] 



-a -7 



Flo 4. Radioreceptor studies with PT-r3 cells. Cells were incubated 
as described in Materials and Methods with either t 13B HmutPTH-(l- 
34) (A) or {^ 5 I]mutPTH-U9-84) (B) in the abaenceor presence of 
increasing concentrations of PTH-U-84) CW, mutPTH^l-84 (O). 
mutPTH-U9-84) <□), PTH-C39-84) (•). or PTH-(l-34) (V) for 4 h at 
16 C. Data are expressed as a percentage of the total binding and 
represent the mean ± sem of at least three independent experiments 
performed in duplicate or triplicate. 

(44-68) showed no inhibition of either radioligand (Figs. 3, 
A and B, and 4, A and B). PTH-C39-84) revealed a slightly 
higher binding affinity when tested with [ lz5 I]mutPTH-U- 
84) (apparent K^, —400 nM) compared to experiments per- 
formed with t l2S I]mutFTH-(19-84) (apparent K d , -800 nM). 
Scatchard analysis of these data indicated that the C-PTH 
receptor is expressed in ROS 17/2.8 cells at about 320,000 
copies/cell and in PT-r3 cells at about 180,000 copies/cell. 
Carboxyl-terminal ormidregional PTHrP fragments, PTHrP- 
(37-74) and FTHrP-(109-141), showed no displacement of 
[ 12S I]mutPTH-(l-84) when tested with either cell line (data 
not shown). 

When using [ l2S T]FTHrP-(l-36) (Fig. 3C), ROS 17/2.8 cells 
bound PTH-(l-84) and PTH- (1-34) with indistinguishable 
apparent values of about 2 nM, whereas the apparent Kd 
value for rnutFTH-U-84) was about 10-fold higher (-20 nM). 
Neither mutFTH-U9-84) nor PTH-(39-84) inhibited bind- 
ing of the radiolabeled PTHrP analog. Binding of 
[ lS I]PTHrP-(l-36) to PT-r3 cells was negligible (total bind- 
ing, 0.6 ± 0.03%; nonspecific binding, 0.5 x 0.09%). 

These studies, which are qualitatively summarized in Ta- 
ble 1, suggested that specific binding of radiolabeled 
rnutPTH-U-84) and mutPTH-(19-84) to ROS 17/2.8 and 
pT-r3 cells involves the 19-84 region, and the 1-34 region by 
itself does not interact with this novel C-PTH receptor. Our 
data furthermore imply that the presence of the common 
PTH/ PTHrP receptor, which is expressed at about 80,000 
copies/cell in ROS 17/2.8 cells (21) and at about 700,000 
copies/cell in AR-B44 cells (19), does not contribute to the 
interaction between radiolabeled PTH-(l-84) analogs and 
the C-PTH receptor. 

Regulation of C-PTH receptor expression 

Homologous down-regulation of the common PTH/ 
PTHrP receptor on ROS 17/2.8 cells was observed in re- 
sponse to PTH and PTHrP, whereas dexamethasone treat- 
ment increased the expression of this receptor (20, 21). We, 



Treatment 



Cone (m) 



% of control/100 Mtf 



Control 
PTH-U-34) 



FTH-U-84) 
Dexamethasone 
PTH-(39-84) 
SBr-cAMP 



ID" 10 
IO" 9 
10" a 

io- 10 
io-* 

I0~ a 

IO" 9 
10~ 8 
IO" 7 

10" a 
IO" 7 

io- fl 

3 x 10" 



100 ±2 
124 ± 13 
154 ±13 
153 ±9 

132 ±8 
167 ±14 
166 ± 14 

112 ± 13 
109 ± 13 
122 ±12 

105 ± 17 
104 ±9 
108 ±14 

213 ± 12 



8 9 10 11 12 



200 — 




Fig 5 Affinity labeling of ROS 17/2.8 cell* using either 
™rWTO(l-B4) (lanes 1-6) or l UB toutPTH-(19-84) (lanes 
7-12) and the heterobifunctional cross-linker sulfo-SMFB as de- 
scribed in Materials and Methods. Four days after reaching can**- 
ency. duplicate wells of ROS 17/2.8 cells were treated w^inaamm 
alone (lanes 1, 2, 7, and 8) or for 24 h (lanes 3. 4 9. ^"g"^ 
(lanes 5, 6, 11. and 12) with medium supplemented *™ 
(3 X 10"* M). After cross-linking and lysis of the cells with 50 & 
SDS-sample buffer. 10 pi of each lysate were elec^pbiireaed through 
a 5-20% gradient polyacrylamide ge L Autoradiography per- 
formed at -80 C for 7 days. M, standards (xl0 a ) are indicated. 

therefore, studied first the effect of PTH and dexametha- 
sone treatment on C-PTH receptor expression inROS 17/ 
2 8 cells and determined that PTH- (1-34) and FTH-U-84) 
increased the specific binding of l 1 ^™*?^** ^ 
dependentiy (Table 2). Dexamethasone and PTH-C39-84) 
had no measurable effect, but treatment with SBr-cAMP (3 
X 10~ 4 M) increased radioligand binding by about 2-fokt 
The protein content of the wells with untreated ROS 17/25 
cells was 217 ± 28 jag/ well (mean ± sem for three ^dependent 
experiments), and similar to previous data (21), treatment with 
either reagent had no significant effect on cell r^liferation or 
protein synthesis. C-PTH receptor expression in PT-r3 ceils was 
not affected by treatment with either reagent (data not shown}. 
These data suggested that C-PTH receptor expression is dif- 
ferently regulated in ROS 17/2.8 and PT-3r cells, despite 
otherwise indistinguishable binding characteristics for both 
cell lines. 
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Fio. 6. Affinity labeling of 8Br-cAMP-treated ROS 17/2.8 cells using 
[ lM rimutPTH-U-34) and eulfo-SMPB, as described in Materials and 
Methods. Control (lane 1) and affinity labeling in the presence of 
competing PTH-U-84) Gone 2, 10~ 10 M; lane 3, 10" fl M; lane 4. 10" 
u; lane 6. 10~ 7 M; lane 6, 10"* M) are shown. A 5-20% gradient 
polyacrylanude gel was used; autoradiography was performed at - 80 
C for 7 daye. M r standards (X10 3 ) are indicated. 
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FIG 8 Affinity labeling of BBr-cAMP treated ROS 17/2.8 cells using 
[ U5 *nmutPTH-< 1- 84) and sulfo-SMPB, as described in Matenale and 
Methods. Control (lanes 1 and 2) and affinity labehng in presence 
competing PTH-U-34) (lanes 3 and 4; 10"* M). PTH-(l-84) <£nes 
5 and 6; 10" e m). mutPTH-(19-84) Canes 7 and 8; 10~« M), or™- 
(39-84) (lanea 9 and 10; 10 " 6 m) are shown. A 5-20% gradient polyj 
acrylamide gel was used; autoradiography was performed at -BO C 
for 7 days. M r standards (X10 3 ) are indicated. 



Fig. 7. Affinity labeling of PT-r3 cells using [ 125 nmutPTH-< 1- 84) 
and sulfo-SMPB, as described in Materials and Methods. Control 
(lane 1) and affinity labeling in the presence of competing PTH-C1-84) 
(lane 2, 10" 10 M; lane 3, 10 -9 M; lane 4, 10~ 6 M; lane 5, 10 7 m; lane 
5, 10" a M) are shown, A 5-20% gradient polyacrylamide gel was used; 
autoradiography was performed at -80 C for 14 days. M, standards 
(X10 3 ) are indicated. 

Affinity cross-linking of the C-PTH receptor and SDS PAGE 
of the Ugand-receptor complex 

To characterize the physico-chemical properties of the C- 
PTH receptor, affinity cross-Unking experiments were first 
conducted with ROS 17/2.8 cells. As shown in Fig. 5, 
l 12S HmutPTH-<l-84) and ( 125 T]mutPTH-(19-84) were cross- 
linked to two protein bands in ROS 17/2.8 cells with mol wt 
of approximately 90 and 40 kDa, respectively (including the 
radioligand of -10 kDa). Treatment of these cells with 8Br- 
cAMP for 24 h had no significant effect on C-PTH receptor 



1 2 3 




Fig 9 Affinity labeling of the C-PTH receptor and the common PTH/ 
PTHrP receptor. LLCFK,. cells stably expressing the cloned PTH/ 
PTHrP receptor (19) were photoaffinity {^^Z^BCi&ed 
^-labeled [N--<4-azido-2-mt^phenyl)Ala\T^ 

(16) Cane 1). C 12S I)mutPTH-<l-84) was cross-linked with sulfo-SMPB to 
8Br-cAMP-treatedROS 17/2.8 cells, as described in Materials and Meth- 
ods (lane 2, nonreducing conditions: lane 3. reducing conditions). A 
5-20% gradient polyacrylamide gel was used; autoradiography was per- 
formed at -80 C for 7 days. M, standards (X10 3 ) are indicated. 

expression, but the prolonged treatment for 48 h revealed a 
2- to 4-fold increase in the intensity of receptor labeling. 
Coincubation of cAMP-treated ROS 17/2.8 cells with 
[ 12S l]mutPTH-(l-84> and increasing concentrations of unla- 
beled FTH-U-64) (10- 10 -10 -6 m) progressively diirunished 
the intensity of C-PTH receptor labeling (Fig. 6). 
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Cross-linking of [ l25 I]mutPTH-(l-84) to FT-r3 ceUs re- 
vealed an approximately 90 kDa protein band that was m- 
^guishfble from that seen in ROS 17/2.8 ceUs (Fig 7>. 
However, no approximately 40 kDa protein could be iden- 
tified in PT-r3 cells, and SBr-cAMP treatment had no effect 
on C-PTH receptor expression (data not shown). 

Affinity labeling of the C-PTH receptor m ROS 17/2-8 i ceUs 
with ( 125 IlmutPTH-(l-84) was unaffected by H^')}'^ 
do" 6 m), but it was completely abolished by mutFIK-(l-&4) 
or mutPTH-(19-84> and significantly decreased by PTH- 
(39-84) (Fig. 8). Similar results were obtamed whenusmg 
FT-r3 cells and [ ias I]mutPTH-(l-84) or p M IlmutPTH-(19- 
84) for either cell line (data not shown). 

No difference in C-PTH receptor size was observed under 
reducing and nonredudng conditions (Fig. 9). After correc- 
tion for the different sizes of the radioligands, ^"PPf 0 ^ 
mately 90-kDa form of the C-PTH receptor mROS 17/2.8 
cells was similar in size to the common PTH/PTr^Preceptor 
that was affinity labeled with photoderivatized PTHrF, as 
previously described (16). 



Discussion 



The carboxyl-tenninal portion of PTH is well conserved in 
all known mammalian species and in the chicken, in which 
major differences are only found in the molecule s midre- 
Kional portion. This high degree of sequence conservation 
was taken as evidence that the carboxyl-termmal part of the 
PTH molecule is likely to have important biological prop- 
erties (8), other than those required for intiaceUuto proca- 
ine and secretion of the intact hormone (22). lnfact, in vitro 
and in vivo evidence suggested that intact PTH or its cax- 
boxyl-terminal fragments, which accumulate sigmficantly 
during renal failure (5), are more important for the devel- 
opment of uremia-related toxicity than the anuno-temunal 
portion of PTH (6, 7). This suggested the presenceof specie 
receptors for the carboxyl-termmal P^^fL^^ 1 , 
that are distinct from the common PTH/PTHrP receptor. 
Earlier radioreceptor studies using intact cells or mem- 
brane preparations supported this conclusl °^^ P"" 
dieted two distinct receptors that recognize mdependently 
the amino- and carboxyl-tenninal portions of the intact 
PTH molecule (9, 10). Other data confirmed the preset" 
of specific binding sites for carboxyl-tenrunal PTH on 
kidney- and bone-derived tissues (10, 13), and subsequent 
findings suggested an important role of carboxyl-terminal 
fragments in osteoblast function (10, U) and chondrocyte 
differentiation (23). More recent experimental data indi- 
cated that various carboxyl-terminal PTH fragments have 
direct and osteoblast-mediated effects on osteoclast 
differentiation and activity (12). 

In this communication, we provide further evidence ror a 
receptor that recognizes only the carboxyl-terminal P°""») 
of intact PTH. This novel receptor is almost certainly distinct 
horn the previously isolated common ™PTHrF^epto r 
(24 25), as radiolabeled mutPTH-(l-84) and mutPTH-(19- 
84) showed little or no binding to cells expressing this com- 
mon receptor, even if present in a high copy Fur- 
thermore, the screening of numerous clonal cell lines 



revealed little or no binding of the radiolabeled FTO^-84) 
J^doTtc .some, yet significant binding to other, ceU lines, 
s^t£g t£t' £t eve^cell type ^acts vaththe car- 
bowl-terminal portion of the intact PTH molecule. 

When ROS 17/2.8 or PT-r3 cells were tested with the 
iod^ted analogs of PTH-U-84) or FTH U9-84) m^ta- 
euishable binding affinities were found for native PTO-U— 
l^utFTHT^), and mutPTH-(^8 4 ). H^vever^ur- 
ther ammo-terminal truncation, as in PTH-(39-84) andPTH- 
e"^W m progressively amurdshed bmdxng 
S P^-d-34) andW-(44-68) showed no mhto^on 

of either radioUgand Although Lf^^^Slto 
the carboxyl-terminal portion of PTH-(1-M)i3 
Se interaction with the C-PTH receptor, high affinity bmd- 
ing^ likely to also involve the 19-38 region of the PTH 

"tSSestmgly, expression of the common PTH/PTHrP re- 
ceSoTSptarsto bVdifferently regulated ^ expression o 
me C-rm receptor. At least in ROS 17/2.6 ce^, PTH-O-34) 
d?vm-resu^es P the expression of the PTH/PTHrP receptor 
So™) whereas the number of binding sites for carboxyl- 
were increased after treating the cells with 
PT^O-34) FTH-d-84), or 8Br-cAMP. These findings could 
Sy th^'thT^cmmon'PTH/PTHrP rec^ptor^at^m 
so™ cells involved in *e -gulat^ ofC-PTO raptor 
expression. However, transfection of LLCFK, cells witouie 
Z!j PTH/PTHrP receptor did not induce bindmg sites for 
he c^Wl-terminal portion of PW^-84). Furthermo^ 
PT-r3 cells showed no detectable binding of radiolabeled 
PT^P-^I), whereas binding of radiolabeled 
84) and mutPTH-(19-84) was sunUar to ^ 0^1772.8 
cells. Therefore, the presence of the common PTH/™? 
receptor appears to be neither required nor sufficient for 

^uXgXTes^th ROS 17/2^andPT- r3 ^ 
revSed evidence of a single chain C-PTH receptor that « 
Xout 90 kDa in size (including the radioligand of -lOkDay 
Th£form of the C-PTH receptor thus hasa rnol wt simdar 
totttat of the common PTH/PTHrP receptor (16, 26). In fa£ 
heapparent difference in size when directly comparmg^e 
P^1mutFTH-U-84)-C-PTH receptor complex and the com- 
Lo!,?m/PTHrP receptor covalently linked to radiolabeled 

Tv^'lPTHrP-O^amide; compound D-2) (16) canbe reaoiiy 
^xplamed by the different mol wt of the two raAohganda, 
^nTdStion to the approximately 90-kDa 
that was identified in both investigated ^^^f 5 ^™ 

appTc^^ly90-kDareceptorinayundergo degradation in 
5rS^?B c^ls,butnot in PT-r3 cell.However e^s™ 
n f r-PTH receptor forms in ROS 17/2.B cells was 

eouT^utrTeulate^upon 8Br-cAMP treatment, which sug- 
SffiSLri proteolytic degradation ^ ^kely 
I Sanation for the presence of two distinctly ^amX^- 
fmity-labeled proteinbands. Furthermore ccancubatom with 
unlabeled carboxyl-terminal ^*5"53j ^ u tKTH^l— 84)to 
minished cross-linking of radiolabeled mutPTH-(l 84) to 
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either proteindoae dependency ^^StoSS 
simUar regulation and no apparent d^erence n hgana 
t ""rr n „ affinitv. it remains to be seen whether both C-tyi ft 
binding amnity, h products of two 

receptor forms in ROS 17/2.8 cells are ,ne P™ . oUced 
different genes, the result of a single, ^^^^"^ 
message, or the result of alternative posttranslanonal 

^Sgical importance of this novel «TO«55 
remains to be established, but it may well have ^P 01 **™ 
SSal roles^i osteoblast/osteoclast function, P^apsm 
meriting signals between these bone-specifac ceU 
Sl2) Nlsecond messenger has y^^ d ^ 
mediates the biological activity of ^^^^^ 
fragments. Neither adenylate cyclase nor phosphohpase (- is 
f^lated bv PTH fragments that lack the enure amino- 
Sr^fl^Son (W-12. 27, 28. and our own unpub- 
iSKbservationT). However, carboxyl-ternWfrasmente 
of FTH-<l-84) appear to affect calcium up-take by 5aUb-z 
ctlb5»! ar?i £ P ROS 17/2.8 cells, FIH-«-M> sbmuU es 
membrane-associated PKC activity as jef&aently as PTH-a 
34)pXH-(3-34), and PTH-U3-34) (28). This could udiarte 
that theC-FTH receptor described herein is ^oWedm the 
regulation of PKC activity. It is furthermore mtaguing to 
TpKte that carboxylXnunal PTH fragm^ 
voWed in the feedback regulation °« S^ d ^^^^ 
and secretion, because paramyroad^ved PT-r3 ce^a« 
express at least the approximately 90-kDa form of this novel 

C 'K C^receptor is a single gene product, te .size and 
abundance in the tv£ clonals lines P'"?^™^^ 
should facilitate the isolation of its complementary DNACs) 
throuRh the same expression cloning techiuques that were 
sSfuUy TcS molecular cloning of the common 

PTH/FTHrP receptor (24, 25). 
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The yeast plasmid 2 micron circle contains a specialized recombination 
system. There are two regions within the plasmid, each 599 bp in length, 
which are precise inverted repeats of each other arid between which recombi- 
nation readily occurs in yeast. This recombination, which requires a protein 
encoded in the plasmid itself at a locus designated -FLP , establishes and 
maintains the coexistence within the cell of two distinct forms of the plas- 
mid, designated A and B. These two forms differ structurally only in the 
orientation of one unique region with respect to the other. We provide 
evidence in this paper that FLP mediated recombination between the repeats is 
site specific. That is, the recombination does not occur throughout the 
inverted repeat but is limited to a specific sequence of less than sixty base 
pairs within the center of the .repeat. In addition, the ability of a repeat 
to serve as substrate in this recombination is abolished by a four base pair 
deletion at the Xba l site in the middle of the repeat. This site lies at the 
center of an extended dyad symmetry and the possible role of this symmetrical 
feature in recognition by FLP protein is discussed. We previously proposed 
that FLP mediated recombination serves as a genetic switch. That is, we 
suggested that the transcriptional products of the two forms are different. 
Therefore, converting one form to the other by FLP mediated recombination 
would alter the composition of 2 micron circle transcripts in the cell. We 
have investigated this possibility by examining the transcriptional products 
of various Flp plasrnids which are frozen in one orientation or the other or 
which contain iar^e insertions at various locations within the genome. The 
results of this analysis, presented in this paper, argue that the transcrip- 
tional pattern c: the plasmid is not altered by interconversion and thus that 
E*LP mediated recombination does not serve to modulate transcription. 

INTRODUCTION 

The yeast plasmid 2 micron circle is a 6318 bp double stranded, circular 
DNA species present in most Saccharomyces strains at 50 to 100 copies per cell 
(12, 14). The plasmid has an unusual structure in that it contains two 
regions, each 599 bp in length, which are precise inverted repeats of each 
other and which separate the molecule into two unique regions of approximately 
equal size (12). In yeast recombination readily occurs between these two 
repeated sequences, which leads to the inversion of one unique region with 
respect tc ir.o szr.^r *. 1 - . A.- a :on:-;ecuence , 2 micron circle exists in veast 

as a mixed p.-.- :::r. z~c -:s::nc: plasm ids which differ in the relative 

orientation :: :vc unique regions. These two f-o rzis have been varicuslv 

designated A and B, XY 1 and XY , 14 and 23, or R and L (4). In mitotic cells, 
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detectable recombination between the repeat sequences requires a protein 
encoded in the plasmid itself, at a locus which we have designated FTP and 
which corresponds to the A coding region of Hartley and Donelson (5, 11, 12). 
In cells lacking FLP activity, no recombination between the inverted repeats 
of 2 micron circle is detected. Thus general mitotic recombination makes at 
most a minimal contribution to the interconverion of 2 micron circle. 

No cellular phenotype has been convincing associated with the presence of 
2 micron circles in yeast (A). Strains lacking 2 micron circles, designated 

[cir ] strains, have been obtained either as natural isolates of standard 
laboratory strains or through compete tive exclusion using high copy number 
hybrid 2 micron + circle plasmids (9, 13, 16). Extensive analysis of isogenic 

[cir ] and [cir ] strains has failed to demonstrate any effect of the presence 
of 2 micron circles on growth rate or extent, mating ability or mating type 
interconversion, sporulation, or drug resistance (4). Nonetheless, 2 micron 
circle contains several genes in addition to FLP which are expressed in yeast. 
Two of these correspond to coding regions B and C and have been designated 
REP1 and REP2 . Mutations in either of these genes prevent high copy number 
propagation of the plasmid. A third locus involved in high copy number 
propagation has been localized in the large unique region (M. Jayaram, Y-Y. 
Li, and J. Broach, manuscript in preparation). This locus, designated rep3 , 
does not correspond to a coding region and is active only in cis. The loca- 
tion of the three 2 micron circle genes as well as the origin of replication 
of the molecule are indicated in Figure 1. Thus, although the plasmid does 
not provide a detectable cellular phenotype, a large portion of its genome is 
expressed in yeast, yielding activities apparently involved exclusively with 
its own maintenance. 

On the basis of the transcriptional products of 2 micron circle in yeast, 
we previously proposed that FLP mediated interconversion in 2 micron circle is 
a requisite component of the expression of the plasmid (6). Specifically, we 
suggested that the transcriptional products of the two different forms of the 
plasmid are different. This is diagrammed in Figure 2. The polyA containing 
RNA species transcribed from 2 micron circles in yeast and the genomic loca- 
tions from which each of them arise are indicated in Figure 2A. A scheme by 
which the all of these transcripts can be generated by cleavage of two primary 
transcripts, one from form A and one from form B, is shown in Figure 2B. In 
this model, transcription is initiated in the large unique region in both 
forms of the plasmid and continues through the inverted repeat into and 
through the smaller unique region. Since the smaller unique region of form A 
is in the opposite orientation with respect to the larger unique region than 
that of form B, the form A primary transcript will correspond to a different 
strand of the smaller unique region than that from form B. Thus transcription 
of form A and of form B yields different RNA species. Since interconversion 
would maintain both forms of the plasmid in a cell, each cell would possess 
both primary transcripts and thus a complete set of 2 micron circle mRNAs . 
Such a model would allow for the possibility that expression of the plasmid 
could be modulated through FLP mediated recombinational interconversion. 

We r.ave examined the extent to which the transcription model described in 
Figure 2 is correct by determining the iu_ vivo transcriptional patterns of 
various hybrid 2 micron circle plasmids. These have included plasmids frozen 
in one orientation or the other or plasmids which contain insertions or 
deletions near the proposed primary promoter in the I^rge unique region. The 
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Figure 1. The Yeast Plasmid 2 Micron Circle. 

On a schematic diagram of the two forms of the 2 micron circle plasmid 

•j indicated the locationi j;- .: ..:.-_■-;= .: f t. c tr.rio identified plasmid genes 
v-;--r bar=; ch= taper in ea:-. . •. j:: t:,,. .> ' the gene), the cri„ir. 

•-i repiicaticn (filled bar 1 , c:\J • -~zi----. vichi- vhich FL? mediated, sit; 
specific recombination occurs j..^^ sex, . The circular portions oi the 

figures represents unique sequences while the linear portions correspond to 
ch<j inverted repeat sequenced. 
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Figure 2. Transcription of 2 Micron Circle. 

A. The positions from which a number of cellular polyA containing RNA 
species are transcribed in vivo from the 2 micron circle are indicated on a 
diagram of the A form of the plasmid. The transcripts are identified by their 
lengths in bases. The arrowheads lie at the 3' end of the RNA species and 
thus denote the direction of transcription of each of the species. The 
locations and orientations of the five largest open coding regions of the 
plasziii are indicated by the hatched lines abutting the circle. Regions A. 5, 
ar.d v. , eorrespcnc to n? , REP 1 , and REP2 , respectively. No phenotype ha-: :-:er. 
observed tor mutation within ceding region D. The inverted repeat reel or 
the piasmid are represented by the unfilled portion of the circle. 
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A form 




rigur-L* 2. Transcription of 2 Micron Circle. 



B. A scheme by which all two micron circle transcripts could be derived by 
transcription initiated at only two sites on the plasmid is shown. On the 
left the locations and orientations of postulated primarv transcripts frots the 
two forms of the pi .-r-: superimposed on dunce 1_. "': 1-i :e?re^nrat : ,_ f 

the molecules. The E c o F. 1 arid :-.m a 111 sites are dene:-:- by natc." z:arks. on 
the right a pathway which hypothetical pr-,i::;. :r-.-d.ri:-:s cculd be 

processed to yield all the observed 2 micron circle polyA RNA species is 
presented . 
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results from these initial studies are 
that the model as proposed is incorrect, 
are discussed and other potential roles 
2 micron circle are proposed. 



presented in this paper and suggest 
The limitations of these experiments 
for FLP mediated recombination within 



MATERIALS AND METHODS 

Isolation of Tn5 Insertions . 

Random insertions of Tn5 into plasmid CV20 were obtained by the procedure 
described by Ruv£un and Ausubel (15). E. coli strain JE5507 ( man aroD arg lac 
spc str gal su ) harboring plasmid CV20 was infected with X::Tn5 (Vb221 
rex : :Tn5 cI857 £am8 _Pam29)_^t 32 and kanamycin resistant clones were recov- 
ered at a frequency of 10 . Since X::Tn5 can neither lysogenize nor repli- 
cate in JE5507, kanamycin resistant clones can arise only by transposition of 
Tn5 to either the bacterial chromosome or to the resident plasmid. We reov- 
ered members of the latter class by isolating DNA from the pooled kanamycin 
resistant clones and using it to transform JE5507 to ampicillan and kanamycin 
resistance. Individual clones were retained, and the location of Tn5 inser- 
tion in indivdual plasmids was determined by appropriate restriction enzyme 
digestion of plasmid DNA isolated from small overnight cultures (3) . 

Plasmid Constructions . * 

Plasmid CV20 was derived from plasmid CV19, whose construction has bee_n 
previously described (5), following propagation of plasmid CV19 in a [cir ] 
yeast strain and recovery of individual plasmids in E^. coli . In one such 
plasmid, the large unique region of CV19 had been replaced, in the opposite 
orientation, with that from an endogenous plasmid. Thus, although CV19 has 
only a single EcoR l site in the 2 micron circle moiety, CV20 has the normal 
two. 

The constructions of plasmids HA24, XHinAl and HinA14 have been previ- 
ously described (5). We constructed plasmids XHinA2 and and HXA by cloning 
the appropriate Xba l restriction fragment of 2 micron circle onto a variant of 
plasmid CV03, in which the BamH l site had been converted into an Xba l site. 
Plasmid XA2-1 was constructed by nuclease SI digestion of Xba l digested CV7 
DNA, followed by religation and recovery in E. coli . 

Miscellaneous Methods . 

El* coli and yeast transformation, preparation of DNA from yeast and _E. 
coli, restriction analysis and Southern hybridization were performed as 
described previously (7). Isolation of polyA containing RNA from yeast, 
fractionation of RNA on denaturing agarose gels, transfer to diazotized (DBM) 
paper, and hybridization procedures were as before (6). 



- >:i:rcr. Circle Reconb i n d z ion Is Si t e -i pec if ie . 

In order to investigate the mechanism of FLP mediated recombination in 2 
r.icron circles, we isolated a set of insertion derivatives of a hybrid plas- 
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mid, CV20. Plasmid CV20 consists of pBR322, the LEU 2 gene of yeast, and the 
entire 2 micron circle genome. The pBR322 plus LEU2 sequences are cloned into 
the EcoRl site in the small_unique region (cf. Figure 1). Since the FLP gene 
spans this site, CV20 is fin and thus does not interconvert readily in [cir^j 
strains. However, in [cir ] strains recombination between the two inverted 
repeats on the plasmid readily occurs. Isolation of derivatives of CV20, each 
containing a random insertion of the bacterial transposon Tn5 into the 2 
micron circle moiety of the plasmid, was accomplished using a procedure 
developed by Ruvkun and Ausubel and described in Materials and Methods. The 
locations of the Tn5 insertion in a number of isolates were determined by 
restriction enzyme analysis, and those plasmids containing an insertion within 
an inverted repeat were retained for analysis of FLP mediated recombination as 
described below. 

The rationale of the procedure for determining whether FLP mediated 
recombination Is site-specific and, if so, for localizing that site is dia- 
grammed in Figure 3. In the center plasmid of part A is a diagram of the 2 
micron circle moiety of a CV20 plasmid containing an Insertion of Tn5 in the 
middle of an inverted repeat. For clarity, the pBR322 plus LEU2 sequences, 
which are present in the EcoR I site in the small unique region, have been 
omitted. Digestion of this plasmid with EcoR l plus BamH l yields three re- 
striction fragments, the electrophoretic fractionation of which are schematic- 
ally diagrammed in part B. Those fragments containing sequences homologous to 
Tn5 are indicated on the diagram. As shown in the figure, FLP mediated 
recombination occurring to the left of the Tn5 insertion in the plasmid I 
(site a) would generate plasmid II. Thus the cell in which such recombination 
occurs would contain a mixture of plasmids I and II. Digestion of this 
mixture of plasmids with EcoR l plus BamH l would yield five restriction frag- 
ments, as shown in part B, three of which contain Tn5 sequences. If on the 
other hand, FLP mediated recombination occurred only to the right of the 
insertion (at site b) , then a Flp cell in which plasmid I was introduced 
would generate a mixture of plasmids I and III. The digestion of this plasmid 
mixture with EcoR l plus BamH l would also yield five fragments, three of which 
contain Tn5 sequences. However, as is indicated in the figure, the restric- 
tion digestion pattern of the combination of plasmids I and III is clearly 
distinguishable from that of plasmids I and II. Finally, If FLP mediate^ 
recombination can occur anywhere throughout the inverted repeat, then a Flp 
cell in which plasmid I was introduced would contain a mixture of all three 
plasmids. Digestion of this mixture of plasmids would yield four Tn5 con- 
taining fragments. Thus by determining the number of Tn5 containing restric- 
tion fragments present in a Flp strain harboring a pCV20 plasmid with a Tn5 
insertion in the inverted repeat, we can determine whether FLP mediated 
recombination is site specific. In addition, If recombination is site spe- 
cific, then by assessing the relative sizes of these Tn5 containing restric- 
tion fragments, we can determine whether the site lies to the right or left of 
the Tn5 insertion. 

The results of this analysis are presented in Figure 4. Individual 
derivatives of pCV20 , each containing insertion of Tn5 at the l/c-.-on 

indicated in part A, were used to trar.::";™ :E:rs-ic ;cir°] and [cir .'.-^2 
yeast strains to leucine prototrophy. 7o:al cellular DNA was Iscla'^i 
the trans f ormants and digested with Eco Ri plus BamH l . The digested DNA was 
fractionated by electrophoresis on agarose gels, transfered to nitrocellulose, 
and probed with labeled Tn5 DNA. The autoradiogran of the washed filter :cr 
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Figure i. Scheme for Je termining the Site of Recombination in 2 Micron Circle. 



In the center of the upper (A) portion of the figure is shown the B form 
c: _ micron circle (thin line) containing a Tn5 insertion (heavy line) within 
the inverted repeat (plasmid I). The locations of the EcoRl and BamH l sites 
are indicated. In pla smid pCV20 used in this study, pBR322 plus LEU 2 secjuen - 
ces are inserted as an Eco Rl fragment in the Eco Rl site in the right hand 
loop. For clarity, this portion of the molecule has been omitted from the 
figure. To the left and right are diagrammed the plasmids (II and III) which 
would arise following recombination between the inverted repeats of 2 micron 
circle, occurring either to the left or right of the Tn5 insertion, respec- 
tively. In the lower (B) portion of the figure are schematic representations 
of an ag<aa?ose gel fractionation of restriction fragments which would result 
from a Bam Hl plus Eco Rl digestion of a mixture of the plasmids indicated above 
r.iir : . . For each set, the track on the left shows the position 

"- - - - - - • '. i ^ r. o u i d arise i::^ the digestion. The track, on the 

r- :c -;:.'.v-; r \ v ir.umencs in tre digestion which would contain Tn5 
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two of these insertion derivatives is shown in part B. As previously des- 
cribed, no recombination products are observed after propagation of the two 
plasmids in the [cir ] strain (track Flp ). Thus, in the absence of the FTP 
gene product, recombination does not occur between the inverted repeats of + 2 
micron circle. However, after propagation of the plasmids in the [cir ] 
strain, recombination products are clearly evident (track Flp ). Signifi- 
cantly, in both cases only one additional Tn5 containing fragment is present. 
Thus, FLP mediated recombination does not occur throughout the inverted repeat 
but apparently is restricted to limited region within the inverted repeat. 
The pattern of Tn5 containing restriction fragments from plasmid pCV20::Tn5 
#186, following propagation in the Flp strain, indicates that the site of FLP 
recombination lies to the left of the Tn5 insertion in this plasmid. This is 
true for all of the plasmids containing a Tn5 insertion to the right of that 
in pCV20::Tn5 #186 (data not shown). Similarly, the pattern of Tn5 restric- 
tion fragments obtained from the Flp strain containing pCV20: :Tn5 #95 indi- 
cates that recombination occurs to the right of the Tn5 insertion in this 
plasmid. Again, this is true for all plasmids containing an insertion to the 
left of that in pCV20::Tn5 #95 (data not shown). Thus, 'the site of FLP 
mediated recombination is delimited to the region bracketed by Tn5 insertion 
#95 and #186. 

We have obtained confirmation of the site specificity of FLP recombi- 
nation as well as a further definition of the location and extent of the site 
by analysis of the ability of various hybrid plasmids, each containing differ- 
ent portions of an inverted repeat -from 2 micron circle, to participate in FLP 
mediated recombination. In Figure 5 we present a diagram of various deletion 
derivatives of plasmid CV7 . Plasmid CV7 consists of pBR322, the LEU2 gene, 
and the small Eco Rl fragment from the B form of 2 micron circle, which spans 
one of the inverted repeats as well as the 2 micron circle origin of repli- 
cation. Various deletions extending into the inverted repeat sequence of this 
plasmid were constructed as described in Materials and Methods and the extent 
and location of the deletion in each of these derivatives is indicated in 
Figure 5. 

The ability of each of these plasmids to serve as a substrate in FLP 
mediated recombination was assessed using two different assays. In the first 
assay we determined whether the deleted plasmid could re combine in yea^st with 
resident, intact 2 micron circles, following transformation of [cir ] leu2 
strains. Those plasmids with a deletion extending into the inverted repeat 
from the left can only transform [ cir ] strains by recombining with the 
endogenous circles, since these deletions remove the 2 micron circle replica- 
tion origin carried on CV7 (5). Thus, the ability of these plasmids to 
participate in FLP recombination could be recognized merely by determining 
whether or not they could transform a leu2 [cir ] strain to leucine proto- 
trophy at high frequency. However, for those plasmids with deletions Internal 
to the inverted repeat or with deletions which enter the inverted repeat from 
the right, transformation is independent of the recombinational potential of 
the plasmid. Nonetheless, the extent to which each of the plasmids could 
recorsbine with a resident circle could be measured physically. This was 
accer. : 1 ished by i -elating DNA from a transf ormant , obtair.c - v;:r. the plasmid 
in question, and -determining by Southern analysis whether a species corres- 
ponding to a hybrid between the transforming plasmid and a resident circle 
could be detected. 
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Figure 4. Localization of the Site of 2 Micron Circle Recombination. 

A, The positions of individual Tn5 insertions used in this study are 
indicated as a composite of lollipop structures on a schematic representation 
of the two inverted repeats of 2 micron circle (heavy line) • The large unique 
region of 2 micron circle lies to the left. The position of the Xba l restric- 
tion site in the inverted repeat is indicated. In addition, the position of 
the single, assyxnmetric BamH l site in each of the Tn5 insertions is indicated 
by the slash in the circular portion of the lollipop. 

B. After propagating plasmid CV20, containing the designated Tn5 inser- 
tion^ either in tt^e yeast strain DC04 [cir°] (track Flp~) or in strain DC04 

[ cir ] (tra:V - >, total "V- v = isolated from the strains, digested vith 
EcoRl plus Zj:^ ... ; -K::..r.i:.- „ I . i% -i^arose gel, transferred to nitro- 

cellulose, ar.-J ;t:; c c .fjcil-d .\::Tn5 DMA. For reference purposes, 

purified pl^rr. va.-. d_ :i_erteu vith 3amK l plus EcoRl and fractionated 
on the same gei (lane P) . Tae resulting autoradiogram of the filter is shown. 
The upper bar. J ; /. :r...'r ~" . ::t -- J ;.f-6 is a doublet, vhich is clearer on a 
shorter expert: ci z:.- : . - ..rr^z:. 
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Figure 5. Localization of the Site of 2 Micron Circle Recombination by 
Deletion Analysis. 



The heavy line at the top of the figure represents approximately 200 bp 
spanning the Xba l site in the 2 micron circle moiety of plasmid CV7 . The 
positions at which Tn.5 insertions #186 and #95 map in the equivalent res. ion of 
pLns-ic CV20 are ir.-iicated. Shewn below the line are those sequences z^i-.zad 
ia the piasmids designated on the right. In parenthesis next to each plastic 
~ i^r.c: t ion is a M -r" or to indicate whether that plasmid retains cr has 

lost the site for recombination as determined by the assay described in the 
text. 
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The second assay to determine the extent to which each deletion plasmid 
is a subtrate for FLP recombination was based on the recent observation that 
chromosomal integration of a segment of 2 micron circle spanning an inverted 
repeat causes a marked instability of the chromosome in which the insertion 
occurs (10). This instability is absolutely dependent upon FLP activity and 
the initial event in chromosome loss is a FLP-dependent recombination between 
the integrated plasmid and a resident 2 micron circle. Thus, by integrating 
each of the plasmids diagrammed in Figure 5 at leu2 (located on chromosome 
III) and then determining the frequency with which chromosome III is subse- 
quently lost, we could could assess the extent to which each plasmid could 
participate in FLP recombination. 

Both assays for the recombination potential of the various plasmids 
yielded equivalent, unequivical results, which are summarized to the right in 
Figure 5. Plasmids HA2A and HinA14 can participate in FLP mediated recombi- 
nation to the same extent CV7 , which contains an intact inverted repeat. All 
other deletion plasmids tested failed to disp-lay any activity as a substrate 
for FLP recombination. Thus, these results confirm that FLP recombination 
occurs at a specific site. In addition, we conclude that this site lies to 
the right of deletion HA24 and to the^left of deletion HinAlA, a site consis- 
tent with that defined by the Tn5 insertions. Finally, it is clear that the 
integrity of the sequences immediately spanning the Xba l site in the inverted 
repeat is crucial for FLP recombination, since a small deletion around this 
site completely abolishes recombination activity. 

Recombination Within 2 Micron Circle Does Not Affect Expression of the 
Plasmid . 

The Patterns of In Vivo Transcription From the A and B Forms of 2 Micron 
Circle Are Identical . We have previously proposed that transcription of the 
two forms of 2 micron circle yields different RNA species and that FLP medi- 
ated recombination promoted the interconversion of the two forms of 2 micron 
circle as a means of alternating between these transcriptionally distinct 
states (6). To test this hypothesis, we examined the in vivo transcriptional 
products of plasmids CV19 and CV20 in a [cir°] strain. Plasmids CV19 and CV20 
are essentially identical except that the 2 micron circle genome carried on 
CV19 is in the A form while that of CV20 is in the B form. In both plasmids^ 
however, pBR322 sequences interrupt the FLP gene. Thus both plasmids are f lp 
and, as a consequence, each persists in its original orientation during 
propagation in [ cir ] yeast strains. We isolated polyA containing RNA from 
[cir ] strains in which these plasmids were separately resident. These RNA 
samples were fractionated on denaturing agarose gels and plasmid specific 
transcripts were identified by hybridization with labeled 2 micron circle DNA 
following transfer of the RNA to DBM paper. These results are presented in 
Figure 6. As can be seen, the same RNA species complementary to 2 micron 
circle are present in both strains. Clearly evident in the exposure shown are 
the two relatively abundant transcripts from 2 micron circle — namely, the 
1325 and 1275 base RNAs , which are derived from REP1 and REP2 , respectively — 
and a larger trancript, w'r.:;:: c l ■: inat-rs zrr.z. vithin the ?BR322 sequences 
: I r r i. e j on the two plasmios •. . : i^ned c;bso rva t iciis ) ♦ Longer exposures of 

the filter or hybridization uj : : : rrcre? to specific regions cf the 2 ™i::cn 
circle &enome has failed zc reveal any aiiferencas in the transcriptional 
products from the two plasmids. Thus the transcriptional products of CV19 and 
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Figure 6. Transcription Pattern from Individual Forms of 2 Micron Circle. 

Plasmid CV19 consists of the entire A form 2 micron circle genome with 
pBR322 plus LEU 2 sequences inserted into the EcoRl site which lies in the 
middle of the FLP gene. Plasmid CV20 is identical to CV19 except that the 2 
micron circle sequences are in the B form conf iruration. Each of these 
plasmids were used to transform a [cir° ] strain to leucine prototrophy and 
polyA containing RNA was obtained from representative transf ormants . Samples 
(10 ug) of the RNA from each transf ormant were fractionated separately or 
together (middle lane) on methyl mercury agarose gels, transf ered to 
diazotized paper, and probed with labeled 2 micron circle DNA. The sizes of 
the predominant RNA species evident on the autoradiogram of the hybridized 
r liter are indicated by length designations. The 2800 bp transcript 
_.-:arenriy is iniciat-ii ac an advene i clous crcu^r site within the pBR322 
r.ciety or the piascic, extends into the 2 micron circle portion, and 
terminates within the inverted repeat a: the normal site of termination of the 
FLP gene transcript. 
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Figure 7. Transcription Pattern of 2 Micron Circle Plasmids with Insertions 
in REP1 . 

PolyA RNA was isolated from a yeast strain :r. vnich was resident either 
plasmid CV20 or the CV20 derivative plasmid 12 or 52. Each of chese latter 
plasmids contain a Tn5 insertion in the REP1 coding region . The RNA was 
fractionated, immobilized and probed with labelled 2 micron circle DNA (ref 
6). The predominant species are indicated by size (in bases; designations. 
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Figure 8. Transcription Pattern of a 2 Micron Circle Plasmid with a Deletion 
Spanning the Promoter of the 1900 Base Transcript. 

PolyA containing RNA was isolated from a strain containing CV20 or a 
derivative of CV20, designated Xho5 , in which sequences between the PstI site 
and the Hpal in the larger unique region of the 2 micron circle genome had 
been deleted. The RNA was fractionated, transfered, and probed with the nick 

translated 13U rp Hindlll fragment of 2 micron circle, which spans the 5 f 
portion of £E?I. The positions of migration of the three transcripts from 
mis portion of the 2 micron circle genome are indicated. 
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CV20 are identical, suggesting that the transcriptional products of the two 
forms of 2 micron circle are also identical. 

Insertions and Deletions in the Large Unique Region of 2 Micron Circle 
Have Little Effect on Plasmid Transcription . A second component of our 
hypothesis concerning 2 micron circle expression was that almost all tran- 
scription of the plasmid is initiated at a single site within the large unique 
region. To test the validity of this assumption, we have examined the effect 
on in vivo transcription of insertions within the large unique region, down- 
stream from the proposed initiation site, and of deletions which remove this 
proposed initiation site. Plasmids CV20::Tn5 #12 and CV20: :Tn5 #52 contain 
insertions of Tn5 within the REP1 coding region in the large unique region. 
These two plasmids as well as plasmid CV20 were introduced into a [cir ] yeast 
strain by transformation and polyA containing RNA was obtained from represent- 
ative transf ormants . After fractionation on agarose gels and transfer to DBM 
paper, the plasmid specific transcripts were identified by hybridization with 
labeled 2 micron circle DNA. These results are shown in Figure 7. As is 
evident from the autoradiogram, the 1325 REP1 mRNA is absent from strains 
containing CV20::Tn5 #12 or #52. Less evident in the Figure, but clear in 
tracks probed with specific plasmid restriction fragments (data not shown) , is 
the absence of the 1620 base transcript , which is transcribed from the same 
region but in the opposite direction as the REP1 RNA. However, except for a 
few minor, high molecular weight transcripts no other difference in the 
trancriptlonal products of the insertion containing plasmids versus the parent 
are apparent. Clearly, the 1275 base REP2 transcript is produced normally 
from both mutant plasmids. Thus, insertions within the REP1 gene in the large 
unique region fail to display any defect in the transcription of the small 
unique region. 

By the procedure described in Materials and Methods we constructed a 
plasmid, designated Xho5, which is essentially identical to CV20 except that 
it contains a deletion in the large unique region which removes AOObp spanning 
the site corresponding to the 5* end of the 1950 base transcript (cf. Figure 
2). Thus In the model we proposed for transcription of the plasmid, this 
deletion should have removed the principal 2 micron circle promoter. This 
plasmid was transformed into a [cir] strain and the 2 micron circle specific 
transcripts examined as before. In the experiment shown in Figure S the RNA 
was probed with the 1314 bp Hind lll restriction fragment from 2 micron circle, 
which covers the 5' portion of the REP1 coding region. As can be seen, 
plasmid Xho5 does not synthesize the 1950 base transcript. Nonetheless, the 
REP1 transcript is synthesized in near normal quantities, as is the 1620 base 
transcript. In addition, the normal contingent of transcripts from the small 
unique region are also synthsized from Xho5 (data not shown) . Thus these 
results indicate that the 1950 base transcript is not an obligate precursor of 
the R£P1 mRNA and that initiation in the large unique region is not a pre- 
requisite for trancription of the small unique region. 

DISCUSSION 

By analysis of both insertion and deletion mutations within :r.e inverted 
repeat region of the 2 micron circle, we have demonstrated that "L? -eclated 
recombination occurs only at a specific site. Our analysis limits this site 
to a 65 bp region, although the actual site could be much smaller. Indeed. 
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the 4 bp deletion present in plasmid XA2-1 prevents this plasmid from partici- 
pating in FLP mediated recombination. 

The sequence of the DNA spanning the site of recombination is shown in 
Figure 9, vithin which are indicated the position of several relevant inser- 
tions and deletions. As is evident, this region of the plasmid is replete 
with symmetrical features. The Xba l site lies in the middle of a 22 bp region 
which is bracketed by a dyad symmetry that extends for 51 bp in either direc- 
tion. Within each half of this dyad symmetry is a second dyad symmetry , so 
that this stretch of DNA could assume a cloverleaf structrue if it were single 
stranded. Viewed in a slightly different light, in the 100 bp region spanning 
the Xba l site is a sequence of 16 bp in length which is repeated, almost 
precisely, four times in alternating orientation. That this repeated sequence 
may play a role in the recombination event is suggested by the fact that this 
sequence also appears in the inverted repeat of Tn5, which under certain 
circumstances functions as a substrate for FLP mediated recombination (M. 
Jayaram and J.R. Broach, maunscrlpt in preparation). 

Whatever the actual recognition site is for the FLP recombination system, 
we can conclude that this site does not appear anywhere else in the yeast 
genome. We have recently shown that integration of the recognition site for 
FLP mediated recombination within a chromosome causes a marked Instability of 
that chromosome (10). Therefore, if a site for FLP recombination existed in a 
chromosome, that chromosome would display significant instability. Since such 
an instability is not seen in normal yeast strains, we can assume that such a 
site does not exist. 

Although the data presented in this paper demonstrate that FLP mediated 
recombination is initiated at a specific site, they do not address the mechan- 
ism of the recombination event. It is possible that recombination is initi- 
ated at or near the Xba l site by a single stranded nick. This could induce 
strand invasion, leading to the formation of a crossed strand intermediate 
which would be free to migrate throughout the Inverted repeat before being 
resolve by appropriate strand scission. Evidence for the existence of such 
crossed strand intermediates, at least in meiotic cells, has been presented by 
Bell and Byers (2). As an alternative mechanism, FLP gene product could 
coordinately initiate and resolve the recombination event by, for example, a 
site-specific, double strand exchange. Additional experimental data will be 
needed to resolve this issue. 

The function of FLP mediated interconversion of 2 micron circles is 
unknown. It is formally analogous to specialized recombination systems in 
procaryotic cells — such as G-loop Inversion in phage rau (8, 17) and phase 
variation in Salmonella (18) — which function as genetic switches to permit 
alternate expression of different sets of genes. This analogy lent credibil- 
ity to our previous hypothesis, based on the transcriptional pattern of 2 
micron circle, that recombination functions as a genetic switch to intercon- 
vert transcriptionally distinct states of the plasmid. This hypothesis makes 
two testable predictions. First, the transcriptional products of the A form 
of the plasmid .= rj distinct iron those of the 3 form. Second, termination or 
inhibition of initiation of transcription in the large unique region should 
abolish transcription of the smaller unique region. 
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u . * n thls P a P er w * h ^ve presented results from transcription experiments 
which address these two predictions. First, we demonstrated that the in vivo 
transcriptional products of two hybrid plasaida, each containing the entire 2 
micron circle genomes but frozen in opposite orientations, are identical. 
Additionally, we demonstrated that neither insertion of Tn5 sequences in the 
large unique region nor removal of the putative primary promoter of the 
plasmid abolished transcription of the small unique region. Thus, it would 
appear that our previous hypothesis is incorrect, and that an alternative 
explanation for FLP promoted recombination within 2 micron circle must be 
sought. It should be noted, though, that there is a caveat to the transcrip- 
tion experiments described in this paper. Namely, both pBR322 and Tn5 contain 
sequences, which fortuitously function as promoters in yeast. As a conse- 
quence, it is possible that the 2 micron circle transcripts which should have 
been eliminated, due to the absence of recombination or to the insertion of 
Tn5, are being synthesized as a result of transcription initiated within one 
of these bacterial elements. Thus in spite of the data presented in this 
paper, the possibility that FLP mediated interconversion alters the transcrip- 
tional state of the plasmid cannot be definitively eliminated. Nonetheless, 
the transcriptional data presented in this paper is sufficiently suggestive 
that we are compelled to entertain other explanations for the function of FLP 
mediated recombination. One possible role for this recombination could be~to" 
ensure uniform segregation of the plasmid. That is, the recombination system 
could provide a mechanism by which catenated molecules arising following 
replication of the circular plasmid could be untangled. This possibility is 
being explored. 
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The methods of centrifugal elutriatlon, dual isotoplc labelling, and Triton 
Acid Urea/SDS acrylamide gel electrophoresis have been used to study the 
synthesis of hlstone proteins through the cell cycle jof the budding yeast, 
Saccharomyces cerevisiae * All three histone proteins studied, H2A, H2B, and H3, 
shoved periodic patterns of synthesis. In each case the peak of histone protein 
synthesis substantially preceded that for the synthesis of DNA. The 
significance of the timing of histone gene expression, and its relationship to 
replication is discussed. 

INTRODUCTION 

The budding yeast, Saccharomyces cerevisiae , possesses a cell cycle similar 
to those of higher eukaryotes. It contains the same four major divisions of Gl, 
S, G2, and.M* Those differences which exist between Saccharomyces cerevisiae 
and higher forms are, for the most part, confined to mitosis. In the budding 
yeast, the nuclear membrane does not break down during mitosis (1), nor does the 
chromatin condense (2). However, the other stages of the cycle, including S, 
are very comparable to those of higher cells. Also, yeast chromatin is similar 
to that of higher cells (3,4). If yeast chromatin is digested with appropriate 
nucleases, the DNA fragments produced show a subunlt structure similar to that 
of chromatin from higher eukaryotes (5,6,7). Like other fungi, yeast has a 
shorter DNA subunit repeat (6), which may reflect a shorter linker region (8). 

Histone proteins H2A, H2B, H3, and H4 have aii been characterized in yeast 
(9,7,10). They have been shown to be associated in normal nuc leosomal 
structures with nuclear DNA and to have amino acid compositions comparable to 
those established from higher eukaryotes (11,12). However, the existence of a 
yeast H-l protein has not been demonstrated clearly. Although an H-l-like 
protein has been observed (11), its properties are also similar to those of HMG 
(high mobility group) proteins ( 1 3. 1 4» 1 5. 16, 1 7, 18). * 

* We wish to thank Lynna Hereford for introducing us to AUT/SDS gel 
ele t rophoresls and for ongoing discussions on the problem of histone gene 
expression. We would also like to thank Court Saunders and Jim Davie for the 
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the National Institute for Allergy and Infectious TLseases and represents 
publication No. 32 from the Mycology Center. 

+ Present Address: Department of Biochemistry, University or Manchester 
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Kingdom* 
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In higher eukaryotes, the stage of the cell cycle defined by the period of 
DNA synthesis involves more than DNA replication. It includes the synthesis of 
hlstone and non-histone chromosomal proteins and their association with DNA to 
produce faithful and efficient replication of the chromatin unit (19)* There is 
much evidence in higher eukaryotes for a coordination of DNA and hlstone 
synthesis. Many studies demonstrate that inhibiting the formation of one 
component hinders the synthesis of the other (20,21,22,23,24). In yeast, 
inhibition of protein synthesis with cyclohexlmide disrupts DNA synthesis during 
a short period at the beginning of S phase (25,26,27). This suggested a 
decreased temporal correspondence between hlstone synthesis inhibition and 
inhibition of replication and left open the possibility of continuous hlstone 
synthesis through the cycle. The data obtained by Moll and Wintersberger (19) 
argue for predominant, if not exclusive, synthesis of hlstones in S phase. 
However, the pulses used to measure synthesis of hlstone proteins were twenty 
minutes in duration, a full sixth of a cell cycle for many strains and 
equivalent to the entire period of S phase (1). More importantly, the methods 
used to obtain cell cycle specific fractions involved induction synchrony by 
alternating rounds of nutritional starvation and recovery (27,28,29). Such 
synchrony techniques may generate patterns of gene expression which are not 
observed when the cell cycle is studied by a non-stressful, cell-selection 
technique, such as centrifugal elutrlatlon (30). 

We report here a study of hlstone synthesis using centrifugal elutrlatlon, a 
specific double isotopic labelling technique, and high resolut ion , Triton Acid 
Urea/SDS two-dimensional gel electrophoresis. 

MATERIALS AND METHODS 

Strains 

The diploid strain of Saccharomy ces cerevisiae SKQ2n was used in all 
experiments described. It was obtained from Brian Cox (Oxford University) and 
has the following genotype: 

a/a; ade +/ade 2; +/his 1 

Chemicals 

Purified yeast hlstone proteins were a gift from Court Saunders and Jim 
Davie at Oregon State University. DAPI (4 * , 6-Diamidino-2-phenylindol 
dihydrochloride) was obtained from Boehringer-Mannheim. All other chemicals 
were obtained from standard chemical sources. All radioactive labels were 
obtained from Schwarz-Mann. 

Growth and Labelling of Cells 

Cells were grown to midlog phase at 23°C on a rotary shaker. In all cases 
the medium used contained per liter; 6.7 g Yeast Nitrogen Base minus amino 
acids (Difco), 12.5 mg of each of the twenty amino acids naturally occurring in 
proteins except methionine, cysteine, and lysine, 20 g glucose, and 10 mg 
adenine and uracil. The doubling time of SKQ2n in this medium is 2 hours. In 
all cases, cultures used were 125 ml in volume, containing cells in mid-log 
phase (80 Klett units). The relative rates of synthesis for histones and other 
basic proteins were determined by a double-label procedure. Cells were labelled 
for 4 hours with [^ U C] yeast protein hydroiysate (7.6 uCi/ml), then 
pulse-labelled for 10 minutes with [ 3 HJ lysine (25 uCi/ml). Very heavily 
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labelled cells for the identification of histone spots on gels were obtained by 
labelling a 10 ml culture for 20 minutes vlth [ C] yeast protein hydrolysate 
(12 pCl/ml). In all cases incorporation was halted by the addition of ice to 
the medium. The cells vere immediately centrlfuged at 5,000 rpm for 10 minutes 
at 0°C, washed once, and resuspended in ice-cold, distilled, de ionized water. 

Cell Cycle Fractionation and Fluorescent Staining 

The procedure used for fractionation was described previously (30,31). 
Briefly, cells grown as described above were harvested on ice, resuspended in 
ice-cold, distilled, de ionized water, sonicated to disrupt clumps and loaded at 
2°C into a Beckman JE-6 rotor, spinning at 3000 rpm. After loading at 9 ml/mln, 
10 fractions (150 ml each) were collected and represent the entire cell cycle. 
Sodium chloride was ad)ded to each fraction to facilitate pellet formation, and 
the cells were collected by cent rlfugat ion. 

The quality of separation obtained was determined by staining cells with the 
DNA specific stain DAFI, using the poet -vital staining method of Williamson and 
Fennell (32). 

Two-Dimensional Gel Electrophoresis 

Triton Acid Urea/SDS two-dimensional gel electrophoresis was used to resolve 
basic proteins. 20 ul volumes of an RNase-DNase solution were added to cell 
pellets at 0°C - 4°C in 1.5 ml microfuge tubes (33). An additional 180 u l 
sterile, deionlzed water was added and the cell suspensions transferred to 3 ml 
sterile glass tubes, where oven baked glass beads (Glasperlen, 0.45 mm) were 
added to the meniscus. After lysis the extracts were transferred back into 
microfuge tubes and the beads washed twice with 200 y 1 of sterile, deionlzed 
water. Washes were pooled with the extracts and to each of these 0.5-0.6 ml 
volumes were added 1 ml of 50Z TCA. The samples were allowed to precipitate on 
ice for ten minutes, then centrlfuged for 2 minutes in a Beckman microfuge at 
0°C. The resultant pellets were washed vlth acetone-HCl, then acetone 
precipitated (1 ml volume) for ten minutes on ice. After a 2 minute 
centrif ugation, the resultant pellets were allowed to dry at 37 °C for 1 hour. To 
these samples were added 25 yl AUT Sample Buffer and 25 yl acetic acid 6.7% in 
glycerol. Electrophoresis was performed as described previously (34,35). 

Identification of Histone Spots on Gels 

Co-electrophoresls of 10-20 pg of purified histone protein with total yeast 
protein extracted from 0. 1 ml of an 80 Klett (midlog) culture of cells labelled 
for 20 minutes with [ 4 C) yeast protein hydrolysate (12.5 uCl/ml) was performed. 
This gave protein patterns on staining with Coomassle Blue in which yeast cell 
proteins were not dlscernable, but histone proteins were intensely stained. 
Autoradiograms of such gels showed the total yeast pattern after a two-week 
exposure. These autoradiograms were then used to locate spots to be cut out of 
gels. Spots were cut from the gels, solublllzed for 48 hours using a 
toluene-based scintillant containing protosol (3.5%) and counted using a Hejkxan 
LS 3000 Scintillation Counter. 

RESULTS 

Resolution of the Rotor -v>^,^- 



We have used several methods to ascertain the accuracy of the saparatun 
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obtained by centrifugal elutrlatlon (31,33). Biochemically, the peak of DNA 
synthesis (Fig. 3) has been localized to fraction number four, a fraction vhich 
Is composed almost exclusively of small budded cells (33). The morphologic 
composition of each fraction has been determined by post— vital staining of 
nuclei with the DNA-specific fluorescent dye DAP1 (32). Data obtained from this 
method are shown in Table 1. 

Table 1 

Cell Separation by Centrifugal Elutrlatlon 



Percentage of Cell Types 



Fraction 


Dead 


Unbudded 


Small Bud 


Nuclear 


Doublet 


No. 








Migration 




1 


26 


66 


1 






2 


3 


97 








3 


2 


29 


69 






4 




7 


88 


5 




5 




13 


62 


18 


7 


6 




16 


24 


45 


15 


7 




10 


39 


28 


23 


8 




8 


24 


26 


42 


9 




8 


17 


24 


51 


10 




9 


18 


26 


47 



The purity of fraction four discussed above is evident as is that for fraction 
two, which contains exclusively unbudded cells. Fraction three, however, 
represents a breakpoint between two morphological classes, containing 702 small 
budded and 30% unbudded cells. Subsequent fractions show varied distributions 
with fractions six and nine showing extreme enrichment for nuclear migrants and 
doublets, respectively. Dead cells are limited primarily to fraction one, which 
was therefore omitted from study. 

Identification of Histone Proteins on Gels 

The histones are low molecular weight, basic proteins. They are, therefore, 
best resolved by electrophoresis under acid conditions and high acrylamide 
concentrations. The system of choice was one described by Alfageme (35), which 
involves an acid extraction followed by a Triton Acid Urea first dimension. The 
addition of triton-XlOO, a non-ionic detergent, enhances the resolution of the 
histones, presumably by exploiting differences in hydrophobic! ty between 
otherwise similar molecules (35,36). Histones (H2A, H2B, H3, and H4), as well 
as a number of ribosomal proteins are well resolved (38). Histone H— 1 was not 
identified in this system. Locations of the individual histone proteins were 
determined by co-elec trophoresis of 10-20 yg of purified histone proteins with a 
low concentration of protein extract from cells which had been previously 
labelled with ; * "* : ; yeast protein hydrolysate to a high specific activity. This 
• 1 lowed i i e n r. i f : . c a t ion of spots by comparison between stained gels, where only 
■: -e hist-:-* standards were visible. 

Histone Synthesis Through the Cell Cycle 

7;. _ : .e use ot a specific double-Labelling protocol and the Triton Acid. 
Urea / Si.- o two— a imensional gel electrophoresis, it has been possible to determine 
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the nature of histone synthesis through the yeast cell cycle. The basis for 
such labelling and the analysis of plots obtained was described by Elliott and 
McLaughlin (33). Briefly, the plots represent the ratio of the synthetic rate 
(dA/dt) to accumulation (A) versus progression through the cell cycle (t). For 
exponential synthesis, this ratio is a constant and the plot is therefore a 
horizontal line. For periodic synthesis, there is a peak in the ratio 
corresponding to the period of synthesis, surrounded by regions of near zero 
ratio. 

A pattern of periodic synthesis is observed for histones: H2A, H2B , and H3 
(Fig. ib,c,d). Histone protein H4 ran very near to the front of migration in 
this system. Accurate data could not be obtained. H2A and H2B exhibit periodic 
synthesis, with sharp peaks at fraction three. H3, similarly, shows periodic 
synthesis, with a peak in early fractions. For every experiment, ribosomal 
proteins run in the same gels were cut out, solubilized, and counted in exactly 
the same manner as the histone proteins. None of the ribosomal proteins showed 
periodicity (Fig. la), rather they displayed exponential pattern of synthesis 
observed for these proteins in earlier studies (37). A most interesting aspect 
of the histone synthetic data is the clear distinction in time between the 
synthesis of histones and the synthesis of DNA (Fig. 2). DNA synthesis peaks in 
fraction four in this system while all three histone proteins showed clear peaks 
of synthesis prior to fraction four. 
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Fig. 1. Ratio of Pulse to Long-Terra Radioactivity 

(dA/d: V- ; r the cell ey^le. Cells were labelled for 10 minutes. The 
cells were ^ . by e I : r : . i : : ir.d the synthesis of individual proteins 

determined <i = ::b^:. A corresponds to a represen ta c ive ribosomal protein; B 

corresponds to = p. c ;-. ; - :o r responds to histone H23; and D corresponds to 
histone H3. 
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Fig. 2. Ratio of Pulse to Long-Term Radioactivity 

(dA/dt/A) through the ceil cycle for histone H2B and DNA . Ceils, were 
labelled and analyzed for histone synthesis as described in Fig. 2 and for DNA 
synthesis as described by Elliott and McLaughlin (33). 
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DISCUSSION 

Using elutrlatlon, we have shown chat the synthesis of histone proteins 
varies periodically through the cell cycle. This demonstrates the sensitivity 
of our methods to periodicities which are truly cell cycle specific 1% is 
significant that these data are similar to those obtained using classic 
induction synchrony techniques (19)* This suggests that although synchrony 
methods may generate periodicities which are Independent of the cell cycle, they 
do not obliterate a set of periodicities which are truly of a cell cycle origin 
and required for cell division* 

The high resolution of our cell selection method allows a precise 
localization of histone synthesis. We find that this synthesis does not persist 
through the whole of S phase* but is restricted to a period at the beginning of 
S phase. This point is significant in terms of a possible dependence of DNA 
synthesis on histone synthesis. The experiments of Hereford and Hartwell (26), 
as described in the INTRODUCTION showed that blocking protein synthesis early in 
S blocked DNA synthesis, while a later block in protein synthesis did not affect 
replication. If histone synthesis occurred throughout S, this finding would 
suggest the absence of a dependence relation. The restriction of histone 
synthesis to the beginning of S suggests a re-evaluation of this conclusion. 
Further, the coincidence of the period of required protein synthesis with that 
of maximal histone synthesis suggests the possibility that the required protein 
synthesis is mainly a requirement for histone synthesis. 

Our observation that the peak of histone synthesis precedes that for DNA by 
approximately one-tenth of a cell cycle is consistent with those obtained by 
Hereford et al. (38). That study employed Northern analysis and Jji vitro 
translation of mRNA extracted from cells separated by elutrlatlon. Taken 
together these studies Indicate that transcriptional rather than translat ional 
control is important during the initiation period of histone synthesis. 
However, the interrelationship between DNA synthesis and histone synthesis is 
complex* Moll and Wlntersbrger (19) concluded from experiments involving the 
use of hydroxyurea to block DNA synthesis that DNA synthesis was required for 
histone synthesis. We have shown that the inhibition of DNA synthesis leads to 
a rapid degradation of histone mRNA (38). On the other hand we find the highest 
level of histone synthesis occurs well before the peak of DNA synthesis. By the 
time the peak of DNA synthesis occurs histone synthesis has returned to near 
basal levels for H2A and H2B. This suggests that the mechanisms that control 
the amount of histone produced have to be fairly complex. They Involve an 
initiation event for histone mRNA synthesis prior to the bulk of DNA synthesis, 
regulation of the amount of histone produced and a termination event which 
Involves some post transcriptional control prior to completion of DNA synthesis 
(38). These mechanisms are under study. 

We have described a method for biochemically sequencing events in a normal 
cell cycle. This method avoids abnormal growth conditions as well as physical 
and nutritional stresses. The sensitivity of the system has allowed precise 

:::-irac:eri:.ition of the par : c r r .;" synthesis tor a group of periodic proteins, 
;he his cones , and has allowed ar t =r p.: s i z z on i - £ of chese synthetic events 
within the cell cycle • These io-iic ~: .secular events in the cell cycle 

provide interesting Insights into the nature of the mechanisms that control cell 
division and suggest that further study of the periodic molecular events of the 
cell cycle will be most profitable. 
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10. CONTROL OF AMINO ACID BIOSYNTHESIS IN YEAST* 
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In yeast, there is coordinate regulation of different amino acid biosyn- 
thetlc pathways. In this paper we describe the isolation and characterization 
of 43 amino acid analog sensitive mutations which define four unlinked comple- 
mentation groups, AAS101, AAS102, AAS103, and AAS104, two of which identify 
new genes involved in general control. We have shown that the AAS genes 
effect regulation at the mRNA level. Analysis of an aas 10 1 - complement ing 
clone indicates that it (i ) contains sequences that are repeated in the yeast 
genome, and (ii) codes for an RNA transcript that is derepressed under histidine 
starvation conditions. ^ We have also demonstrated the existence of a tran- 
script homologous to an open reading frame in the 5' flanking region of the 
HIS4 gene. A possible regulatory function for this transcript and/or poly- 
peptide is discussed. 

INTRODUCTION 

In prokaryotes, functionally related genes are organized into common 
transcriptional units called operons which are controlled by a single regu- 
latory region. In eukaryotes, however, no operons or polycistronic raRNAs have 
been Identified (5, 10,14). Moreover, in several funei it has been demon- 
strated, both genetically and biochemically, that, in addition to coordinate 
regulation of the different unlinked genes within a given pathway, there is 
also co-regulation of genes in completely different v-ir.^ acid biosynthetic 
pathways (2, 3, 5, 11). This phenomenon is called "general control of amino 
acid biosynthesis" (4). 

In Saccharomyces cerevisiae , it has been shown that starvation for a 
single amino acid causes derepression of the biosynthetic enzymes for all 
branched amino acids (aromatic and aspartate family), for the basic amino 
acids histidine, lysine and arginine, and also for serine and valine (9, 13, 
19). (However, the extent of derepression of different enzymes within a given 
pathway may differ). The isolation of several regulatory mutations in this 
general control system has been reported. The mutations ndrl (RH428), ndr 2 
(RH437) (for non-de repress ing) and aasl, aas2 (for amino acid analog sensi- 
tive) a re una b I -.- : ■ de r enres> e nz yme s in differ - r - - : :t o aci: , i ~ r ■ " " t ■ z : c 
pathways (9, 15, : • These -mutations define . :*.e = . Li = t : latec 

that these genes encodo poslrive regulatory ci-2-.v".: ■ ra* ointroi 



*Support was obtained from .National Institutes 
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system. Tra3 (for triazole alanine resistance) mutations have constitutive 
levels of these same biosynthetic enzymes and it is presumed to be a negative 
controlling e lenient (19). The mechanism of action of these genes has thus far 
remained elusive. 

In this paper we present information which may bear on the molecular na- 
ture of this general control system. We discuss: (i) the identification and 
characterization of two new genes which are necessary for derepression of many 
of these amino acid biosynthetic enzymes, and which may themselves be regu- 
lated by conditions of amino acid Imbalance, and (il) the existence of a short 
transcript (which has the capacity to code for a small polypeptide) in the 5' 
flanking sequence of one of the genes under general control, the HIS4 gene. 

We have attempted to saturate the yeast genome with amino acid analog 
sensitive mutations to determine the number and mode of action of positive 
regulatory genes involved in this general control of amino acid biosynthesis. 
We have isolated 43 independent aas mutations which define four unlinked 
complementation groups ( AAS101, AAS 102, AAS103, and AAS104 ), two of which 
identify new genes involved in general control. These AAS genes effect amino 
acid derepression by regulating mRNA levels. By screening a yeast genomic 
library, genes which can complement different aas mutations have been cloned. 
A preliminary characterization of several of these clones is discussed. 

In addition, analysis of £he 5 1 coding regions of several .cloned yeast 
biosynthetic genes subject to general control, HIS4, HIS3 and TRP5, indicates 
that there are open reading frames preceding each of these structural genes. 
It is striking that the position of the open reading frame preceding TRP5 is 
almost identical to that of HIS4 . We have demonstrated by both SI protection 
and primer extension experiments that a discrete transcript corresponding to 
this 5' H1S4 region exists. 

RESULTS 

I. AAS Mutants 

■\AS Mutant Isolation 

Forty-three independent aas mutants were isolated in the wild type strain 
by mutagenizing and screening for enhanced sensitivity to several amino 
acid analogs. The rationale for this selection is that cells which become 
sensitive to amino acid analogs may result from an inability to derepress the 
amino acid biosynthetic enzymes which are necessary to overcome the delete- 
rious effects of the analogs. 

YEPD cultures of S288C (MAT a) grown at 30° C were plated on YEPD medium 
and irradiated with ultraviolet light to produce 50% killing. After two days 
growth at 30° C, approximately 2 x 10^ colonies were replicated to both 
minimal and minimal + 0.75 mM 5-methyl tryptophan (5MT) medium. Forty-seven 

":'T .v.'/.clii ..-I jr.ies were identified. Upon further screening, 4 3 of these 
- : : : :\ z ~ 2 i v :r. : j f i na 1 mutation frequency of 2 x i ), also exhibited sensi- 

io ana l.ves of the end products additional amino acid biosynthetic 
pathways: 3-a.uino- 1 , 2, 4- 1 riazole (AT), canavanine (can), and ethionine (eth), 
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analogs of histidine, arginine, and methionine, respectively- These putative 
general control mutations are designated aas for amino acid analog sensi- 
tivity, in accordance with the nomenclature of Wolfner et al. (19). About 
one-half of the mutants are also petites. 



Genetic Analysis of the aas Mutants 

Dominance * All of the aas mutations are recessive. Dominance was tested 
by crossing each of the aas mutants to an AAS"*" strain. The resulting hetero- 
zygous diploids show the phenotype of the' AAS^ parent when tested for amino . 
acid analog sensitivity. 

Complementation groups . The A3 aas mutations define four complementation 
groups called AAS101, AAS102, AAS103, and AAS104. The distribution of the 
mutations is: four alleles in aaslQl (-1 to ^4), 20 alleles in aas 102 ( -1 to 
-12, -14 to -21 ), 18 alleles in aas!03 ( -1 to -18) and one allele in aas!04 
( -1 ). These groups were determined by crossing .the 43 aas mutants to pre- 
viously isolated mutants which also show sensitivity to various amino acid 
analogs: ndrl-2 (RH428), ndr2-l (RH487) (9, 13) and aasl and aas2 (19). 
Representatives of the newly isolated aas mutations in the opposite mating 
type (obtained by crossing original mutants to wild type), were also tested in 
pairwise combinations with the original 43 aas mutants. Complementation was 
determined by scoring analog sensitivity on minimal + AT (15 mM) plates (see 
Table 1). These results indicate that the currently existing mutations define 
five amino acid analog sensitive complementation groups: I (AAS101 ), II 
( AAS102, NDR2, AAS1 ), III ( AAS103, NDR1 ), IV ( AAS104 ), and V ( AAS2 ) . Thus, 
two of the groups isolated in this study, AAS 101 and AAS 104 , define two new 
genes involved in general control of amino acid biosynthesis. 

Segregat ion . The aas mutations segregate as single mutations. Crosses 
of aaslOl-1, aas!02-l, aas!03-l, and aas!04-I to AAS" *" strains show 2:2 
segregation for the aas mutation. 

Linkage . Melotic linkage data is consistent with the complements:: ion 
results described above. Pairwise crosses between many of the aas nutcincr- 
were subjected to tetrad analysis. Two classes emerged: (i ) 101 x 102 , 

101 x 103, 101 x 104, 102 x 103, 103 x 104, 102 x 2, and 103 x 2j and ( 1 > 

102 x ndr487 , 102 x 1_ % and J_ x hdr487 . The mutations paired fror. . - \ i ; 
are unlinked to each other: PD (parental ditype) - NPD (nonparental ditype) 
for each cross. However, the mutations paired from class (ii) do not give any 
recombinants between the respective two mutations: all tetrads are PD (four 
AT sensitive spores/tetrad). This result Indicates that the mutation pairs 
from (ii) are tightly linked, supporting the complementation test results 
which indicated that these mutations are in the same gene. 

In addition, the AAS 101 gene shows tight linkage to the URA3 gene on 
chromosome V. 



Double nucants . Combina*. . ■ - ti.e aas cations were c»r..- 
haploid strains from the cros^: - - i^d in r.'ne linkage secti r 
101-102 , 101-103 , 101-104 , 102 -1 . ; , ! ':• - ■-')- , \ 2-2, and 103- 2. 
double mutation haploid strains are viable, ana are sensitive to 
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acid analogs. 

Homozygous diploids * The phenotype of the aas mutations in .homozygous di- 
ploids was also analyzed. The diploids aaslOl-l/aaslOl-l. aas 102- 1/aas 102- 1 
and aas 103-1 /aas 103-1 were constructed; they are sensitive to the same analogs 
as the haploids. The 101, 102, and 103 diploids sporulate normally* 

Analog Sensitivity of the aas Mutants 

The aas mutants exhibit enhanced sensitivity to various amino acid ana- 
logs relative to their parent S288C. All 43 aas mutants were screened for 
analog sensitivity by replica plating to minimal media supplemented with a 
range of concentrations of AT, 5MT, can, or eth, at 23°, 30°, and 37° C (see 
Table 2). The aas 101 mutants are the most sensitive, and aas 104 is the least 
sensitive. 

Different mutations within a complementation group confer roughly the 
same degree of sensitivity. However, in general, the petites are more sensi- 
tive than the grande mutants within a given group. The largest variation in 
sensitivity is seen in different aas!02 and aas!03 alleles. The most 
sensitive grande mutations in these genes are aas!02-14 , -15, and -16, and 
aasl03-12, -15 , -16, and -17. 

All the aas 101 , aas 102 , aas 103 , and aas!04 mutants are temperature sensi- 
tive in their analog response: increasing the temperature lowers the concen- 
tration needed to inhibit growth. (For some of the analogs, S288C shows a 
somewhat weaker ts phenotype.) 

In addition, an adenine effect was observed. The 43 aas mutants were 
replica plated to minimal media supplemented with adenine as well as AT, 5MT, 
can, or eth. The effect of adenine depends on the analog being tested: (i ) 
adenine increases the sensitivity to can or eth, (ii) adenine decreases the 
sensitivity to AT, and (iii) adenine has no effect on 5MT sensitivity. 

Revertants of the aas Mutants 

Almost all of the aas mutations give rise to spontaneous revertants as 
measured by papulation when colonies are replicated to minimal + AT plates. 
The most stable alleles are aasl01-l, aasl02-12 . 102-19 , 103-7 , and 103-11 . 
Spontaneous revertants of several alleles of the aas mutations were sought by 
growing 10 independent clones from each mutant in YEPD media and plating onto 
minimal + lOmM AT to select for AT resistant clones. The frequency of 
revertants was <1.6 x 10~ 8 for aasl01-l , 9.8 x 10~° for aas!02-l , and 5.3 x 
10~ b for aas!03- 1 . Further testing on 5MT, can, and eth indicated a wide 
range of resistance among the revertants to these additional analogs; some of 
the revertants exhibited normal wild type resistance. 

Aas Mutations Prevent Derepression of the HIS4 Gene 

Grow:;-; of his4C ts strains . Aasl01-1 , aas IQj- ! , aas 1 "o- \ , and aasl04-l 
were crossed into a strain carrying a leaky his* -r.uzacion, h i s - ■ I- 2 0 7 c 5 , 
His4C-207 ts strains are unable to grow on miminal medium at 37° C but can grow 
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on minimal media at 3U° C because the cells compensate for the partially 
defective HIS4 enzyme by derepressing the histidine enzymes. However, the 
presence of any of the aas mutations (101 , 102 , 103 , or 104 ) in a his4O207 ts 
strain prevents growth on minimal media at 30 C. It can therefore be 
inferred that the wild type products of AAS101 , AAS102 , AAS103 , and AAS 104 axe 
required for derepression of at least the HIS4C enzyme. 

HIS4C enzyme levels . The effect of the various aas mutations on the 
level of HIS4C enzyme activity, histidinol dehydrogenase, was determined. The 
aas mutants and wild type cells were grown under repressing or derepressing 
conditions: (i) minimal + all 20 amino acids (min AA), (ii) minimal + histi- 
dine (min his), (iii) minimal (min), and (iv) minimal + lOmM AT (min AT). 
Wild type cells do not derepress on minimal media alone because the internal 
histidine pool is very high (5mM), and this pool does not get depleted given 
the basal wild type level of synthesis of the histidine biosynthetic enzymes 
(8). However, histidine starvation conditions can be achieved by growth of 
wild type cells in the presence of the analog AT. AT inhibits the sixth step 
in the histidine biosynthetic pathway. Wild type cells overcome this inhi- 
bition by derepressing the histidine enzymes, as well as other enzymes under 
general control. As Table 3 shows, the enzyme levels for wild type S288C are 
essentially the same when grown in rain AA, min his, or min. However, on min 
AT, the levels of H1S4C enzyme levels are derepressed about six fold. 

For the aas mutants, the levels on min AA, min his, and min, are the 
same, or slightly lower, if compared to S288C. However, when starved on min 
AT media, there is no derepression at all of HIS4C in the aaslOl, aas!02, and 
aas!03 strains; the aas!04 strain consistently derepresses to only about one- 
half the maximal level of S288C. Thus, the aas strains are unable to overcome 
the AT inhibition. It can be concluded that all four AAS + genes are required 



for normal derepression 


of the levels of HIS4 


enzyme activity 


to occur. 


Table 


3. HIS4C 
Grown 


Enzyme Assays 
in Different 


of aas Mutants 
Media 






AA 


H 


M 


AT 


S288C 


1.0 


1.2 


1.2 


6.3 


aaslOl 


.77 


.80 


.87 


.40 


aas!02 


.72 


1.2 


1.3 


.55 


aasl03 


.74 


1.0 


1.1 


.74 


aas 104 


.83 


l.l 


1.1 


3.9 


Hl<^ ~;;::.\ levels 


Northern 


blot analysis 


indicates that: 





mutations prevent derepression of the HIS4C enzyme by affecting .-j. .... 1 _ v ~ : . 
RNA was isolated rrorn SJ88C, aaslOl, aas!02, aasl03, and aaslu^ =:r.i..ns, irvr. 
at 30° C on min AA, min his, min, and min AT. The RNA's were elect rophoresed 
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on a 1.5£ agarose formaldehyde gel, transferred Co a nitrocellulose filter, 
and hybridized with 32 P-labelled pMCl ( EcoR I -Bgll l fragment internal to the 

structural gene) and YIp5 (pBR322 - URA3 ) probes. The URA3 gene was used 
as an internal standard to normalize for the amount of RNA in each lane. The 
mRriA levels for S288C and aaslOl are shown in Figure 1. In the case of S288C, 
on minimal media supplemented with all the amino acids, a basal level of HIS4 
mRNA is seen. A small derepression effect is observed on minimal or histidine 
media, whereas maximal derepression occurs when starved for histidine (min 
AT): the UIS4 mRNA is increased 5-10 fold. In the aaslOl strain it is 
striking that little or no derepression of the HIS4 mRNA above basal level is 
detectable. Aasl02 and aas!03 show only intermediate derepression under 
starvation conditions, whereas aas 104 shows the smallest effect (data not 
shown). These results suggest that the role of the AAS* genes is to regulate 
the mRNA levels of the genes that they control. 

Cloning the AAS Genes 

Selection. We have constructed a yeast genomic library by ligating Sau3A 
partially digested DNA into the unique BamHI site of YEp24. The plasmid YEp24 
contains both the yeast URA3 gene and part of the yeast 2u plasmid, which per- 
mits episomal maintenance. This bank was used to clone genes which complement 
either the aas 101 or aas!03 nutation. 

An aasl01-l ura3-52 strain (MP40A-8B) was transformed with the 
YEp24-S288C library. (Ura3-S2 is a non-reverting allele). Ura + t ransf ormant s 
were selected in the presence of all 20 amino acids, pooled, and tested for 
aasl 01- complementing genes by growth on minimal + 10u*i AT plates. Two inde- 
pendent AT resistant clones, called 101G and 101M, were identified from about 
11,000 Ura + t ransf ormant s. The 101G insert is about 2.7 kb and the 101M 
insert is about 10 kb. Both of these clones also confer resistance to .75mM 
5MT. In a second experiment, the library was used to transform an aas!03-l 
ura3-52 strain (MP42-2A). Two independent AT resistant clones were isolated 
from 8,000 Ura t ransf ormants. Both of these putative 103 clones were 
identical, and only one, 103R3, was used for further study. The 103R3 insert 
is about 5. 5 kb. 

The analog resistance property of these thre-: ;:bnes resides on the 
plasmid in the transformed stains: spontaneous segregants of 101G, 101M, 

and + 103R3 simultaneously become aas" . In the 103R3 clone, some AT sensitive 
Lfra clones spontaneously arise, but these show altered restriction patterns 
of the YEp24 insert, suggesting the occurrence of some type of deletion within 
the plasmid. 

Restriction maps . No similarities in restriction maps have been noted 
between 101G and 101M. This is consistent with our observation that no cross 
homology exists between the inserted sequences. However, the 101M and 103R3 
clones have several contiguous restriction fragments in common. It is pos- 
sible that this common DNA sequence may complement both aas 101 and aas!03 . 

Homologous ier-.cni,- IJ.VA . In order t>. : -. - . - h \ : z~i* \ '. ■■• ; 1 :-r.ed 
sequence represents :\ m.ci^uous genomic ?ec . rh.in cloning art i- 

tact, the following experiment was done. Genomic ul*A from S2o6C was digested 
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S288C 



I0I 



HIS4 — 
(pMGI) 



URA 3 
(YIp5) 




Figure 1. Regulation of HIS4 tnRNA levels in S288C and aaslOl-1 . 

KNA was prepared from wild type S288C and aasl01-l cultures grown to 
°" D *550 = 0,500 in minimal supplemented with all 20 amino acids (AA), minimal 
histidine (H), minimal (M) and minimal + 10 mM arninot riazole (AT) media. 
Extraction of RNA was by a modification of the procedure described in Sripati 

and Warner 1 r > . \ ; ">p roxi ma t e I jc of RTIA was loaded per lane onto 1-5% 

a^arosv f or ™.a 1 »:els. ..a^ transferred to a nitrocellulose filter 

:id,). 3our.d k.'. ~ : s hybridized - L t h J ~P nick translated pMC 1 (a 1.0 kb 
fragment concainin» coding sequences in KlSn j and YIp5 (URA3 ). Hybridization 
was in 30% : o rrnami de , 5X5SC, A5° C. "Hie extent of hybridization with the URA3 
probe was used lo r.^rroalize for the amount of RN A~ "wi-trh i n each lane. 





Gene Regulation, Transposons, and Secretion 



131 



with BamH I and Pst I, elect rophoresed on an agarose gel, and blotted onto 
nitrocellulose paper. The transferred DNA fragments were hybridized with 32 P- 
labelled BamHI-Pst I fragment from 101G (see Figure 2). Figure 3 shows that a 
single band of 1.9 kb hybridizes strongly, as predicted if the cloned 
BamH I -Ps t l sequence Is contiguous in the genome. 

The BamHI-PstI fragment was used to probe a variety of genomic digests 
with restriction enzymes which fail to cut within the insert. As expected, 
only one band hybridized strongly in each digest. Surprisingly, however, 
several other weakly hybridizing bands are apparent. Many of these bands are 
smaller than the strongly hybridizing bands, indicating that they are not due 
to partial digestions. Therefore, sequences contained within the BamH I -Pst I 
fragment are cross homologous to other sequences in the genome. 

RNA Homologous to 101G . The level of RNA in various strains corre- 
sponding to the 101C clone was determined by Northern blot analysis. RNA was 
isolated from S288C, aaslQl-1 , aaslQ2-15 , aas!03-15 , and aas!04-l strains 
grown at 30° C on min AA, rain his, min, and min AT. The RNAs were electropho- 
resed on a 1.52 agarose formaldehyde gel, transferred to a nitrocellulose 
filter, and hybridized with 32 P-labelled Sphl-SphI fragment from 101G and Ylp5 
(pBR322 -URA3 ). The URA3 gene was used as an internal standard to normalize 
the amount of RNA in each lane. 

The S288C levels of 101G RNA are roughly equivalent on min AA, min his, 
and min (see Figure 4). However, under conditions of his starvation, min AT, 
the 101G mRNA level is very greatly increased. Therefore, the gene homologous 
to the 101G clone is itself being derepressed under conditions of histidine 
starvation. This derepression of the 101G transcript is also observed in the 
aas 101-1 , aasl02-15 , and aas 103- 1 5 strains, and to a lesser extent in the 
aas 104-1 strain. This result implies that derepression of the 101G mRNA 
itself is not dependent upon the AAS101+ , AAS102+ , or AAS 103+ genes (and also 
probably the AAS 104" *" gene). 



Examination of the nucleotide sequences of several yeast genes under 
general amino acid control, H1S4, TRP5, and HIS3, reveals the existence of a 
sequence which contains an open reading frame upstream from the transcrip- 
tional start site of these genes (see Figure 5). In the HIS4 gene, this open 
reading frame is 198 basepairs (bp); it starts with an ATG at position -383 
and ends with an inframe TGA at position -185. If this region is transcribed 
and translated it has the capacity to encode a polypeptide of 66 amino 
acids. It is striking that the position of the open reading frame preceding 
TRP5 is very closely coincident with that of HIS4 , -355 to -185. These 
upstream regions may be candidates for regulatory elements involved in the 
control of their linked structural genes. 



io determine the possible involvement of this 5' open reading frame in 



II. 5' HIS4 Transcript 



3 ' Open Reading Frames 
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Figure 2. Restriction map of 101G. 



The Sau3A sites indicated : . ri.j^ro are not unique, b 

indicate the linits of the iis-.Ti <_•: jo nor.: ."V.'A fragment- 3^ 
Hindi! i, Sail, Snal and Xhol do not cut within the insert. 



Gene Regulation, Transposons, and Secretion 133 



X 

E 




Figure 3. Southern blot of S288C genomic DNA probed with the BamH l- Ps 1 1 



SJbSC , -. : , ; : rcs:;iccion enzy~-_ : s i-idicated and oi^c- 

trophoresed on a u.6>; agarose gel. DNA was transferred to a nitrocellulose 
filter according :n t-io or Southern (15). The ft Iter- bound DNA was 

hybridized i '-; -; - -_ - . ; ; :v*j (12) 1.9 kb BamMI-Hs t L t" ra'gfflfent from 101G 
(see Fig. ^ . ; .: :. : ..irried out at 65°C in r-XSSi;. 
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S288C 



101 G ~ 
(Sphl-SphI) 

URA3 - 
(YIp5) 




Figure 4. Regulation of 101G encoded RNA levels in wild type 
and aas mutant strains. 



RNA was prepared from wild-type S288C, aaslOl-1 , aas!02-15 , aas!03-15 , 

and aas 1 " - - i , e lec t rophoresed, and blotted as ^des: r: -:.d in Figure 1. 

troce i.ii! iose bound RNA was hybridized with - i r,ins la - ed DN T A (12) fron 

che Sph l- Sph I fragment of 10 1G and with YIp5 ( L'RA I ) . Hybridization conditions 
were as described in Figure 1. The extent of hybridization with the URA3 
probe was used to normalize for the amount of RNA within each lane. 
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Figure 5. Comparison of the yeast 5' flanking regions of 
■ilS~, TRP 5 and HIS3. 



The 5' regulatory regions are drawn to scale relative to the transcrip- 
tion initiation sites (+1) for their respective structural genes. The 
positions of the open reading frames are indicated by the solid black lines; 
the boundaries are delineated by ATG and TGA codons. Positions of potential 

"ATA boxes are included for . : i i ve :v.;r-- - : . -. T"~e 1^3 bp Hinf l fraament 
the 31 protection : : -_• primer .•: -.- <pe r i.-nencs is indicated. 

The sequence data is from P. F , r.i '-,,^4':. ~.r. i :. T . rink, Ders. comm. ami (17, 
2.0). 
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H1S4 gene expression, we first ascertained that this region was transcribed, 
A 148 bp liinf I fragment (see Figure 5), extending from -331 to -187 (internal 
to the sequences encoding the presumptive polypeptide), was isolated from a 
polyacrylaraide gel and labelled at the 5* end with [y P) ATP, The labelled 
DNA was denatured and separated into fast and slow migrating strands on a 5% 
polyacrylaraide gel. Total yeast RNA was incubated with each of the strands to 
allow homologous regions to anneal. This was followed by digestion of single 
stranded regions with nuclease SI. The protected annealed complexes were 
resolved on an 8% denaturing polyacrylaraide gel and autoradiographed. As seen 
in Figure 6, there is specific protection from SI digestion of the fast 
migrating DNA strand (lanes C, E, and F) whereas the slow migrating strand is 
unprotected (lane B). This result implies that the fast migrating strand is 
the coding strand. (This assignment is being confirmed by direct sequencing 
of the fast migrating strand). The protection of the fast migrating strand is 
dependent upon the formation of DNA-RNA complexes and is not the result of 
secondary structure of the probe itself, since complete digestion of the probe 
does in fact occur in the absence of homologous yeast RNA (lane D)„ 

Cross Hybridizing Regions 

To confirm that the fast migrating coding strand is protected from SI 
digestion by a transcript originating in the 5* HIS4 region as opposed to 
elsewhere on the genome, we probed the yeast genome for cross hybridizing 
sequences. Total yeast DNA was digested with either Sail or EcoRI , 
electrophoresed on an agarose gel, and the fragments blotted onto 
nitrocellulose. The 32 P labelled 148 bp Hinf I fragment was used as the 
hybridization probe under conditions of low stringency. The autoradiogram in 
Figure 7 shows that the probe hybridizes only to the predicted 1.5 kb Sail and 
3.0 kb EcoR I fragments of the HIS4 region. The absence of cross hybridizing 
regions from other parts of the genome argues that the fast migrating strand 
is protected from SI digestion by a transcript from the 5' HIS4 region. 

Primer Extension 

The existence of a transcript corresponding to the 5' flanking region of 
H1S4 was further confirmed by primer extension experiments. The 5' [y~^ 2 P] 
labelled fast migrating strand was used as a primer for reverse transcriptase 
in a reaction with total genomic yeast RNA (6). When the reaction was run on 
an 8* denaturing polyacrylaraide gel, two discrete bands of increased molecular 
weight appeared (data not shown). The appearance of these bands is dependent 
upon the presence in the reaction mix of the fast migrating strand. No bands 
appear when the slow migrating strand is used as a primer* A more detailed 
analysis is in progress to define the in vivo transcriptional start site(s) of 
the upstream H1S4 t ranscript (s ). 

discussion 

AAS Genes 

We "lav .;^s :r ;Dcd isolation and characterization of •+} .-• ::u:.:n:.>. 

These rjutar . >r.s der ir.e four unlinked genes, AAS 101, AAS 102, AAS 3 , .;nd 
AAS I U4 . Coup ie men ut ion analysis indicates that AAS101 and AAS 1 are two new 
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Figure 6» Specific protection of the 1A8 bas s 

s t rand f rom S I nuclease . 



Ill nf I fast migrating 



The 148 bp Hinfl fragment was labelled at -.i 3' end with [y- P], 
denatured and separated into fast and slow migrating strands on a 5% 
acrylamide gel (7). Total yeast RNA was hybridized to each of the strands, 
digested with nuclease SI, and the annealed complexes resolved on an 8% 
denaturing gel (1). The control lane A contains the 148 bp Hinfl fragment, 
lane B contains the hybridization with the 148 base slow strand, and lane C 
contains the hybridization with the 148 base fast strand. 

In a separate experiment the 148 base fast migrating strand, 5' end 
labelled with ^P, was hybridized to total yeast RNA from a culture grown in 
the presence of 0.3 raM histidine (lane F) and a culture starved for histidine 

with AT (lane Z) . In Line D, the hybrid :z : •- - :ar: 1 v •.: i - v-e absence 

of homologous IvNA . Aft-- SI digestion, i::^ . . :.o-: were r>: 1 vci :>r. ar. b..- 
denaturing gel. Lane G is an undigested cor>:r 7:i*_- •_ i x:.-:.s_: r«-_- was nt -&' C C 

with an intensifying screen- 
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Figure 7. Southern blot of S288C genomic DNA probed with the Hinf I 
fragment from the HIS4 5' flanking region. . 

DNA isolated from strain S288C, cut with Sail or EcoR I, was 

e lec trophor^sed through a 1" agarose gel, and transferred to nitrocellulose 
according r. t:ic method of i.:;..:hcrn (15). A 148 bp Hinf I fragment, (-335 to 
-lii7>, was lab-oiled at the 5 f ond with [y- P] ATP by the method of Maxara and 
Gilbert (7,, and was used as the hybridization probe. Hybridization was 
carried out under conditions of low stringency, 55°C in 5 x SSC. The exposure 
was for 4 days at -8U°C with an intensifying scxeen. 
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genes involved in general control, whereas AAS102 and AAS103 are analogous to 
genes identified in previous studies as ( NDR2 and AAS1) and ( NDR1 ) t respec- 
tively (9, 13, 19). The aaslOl and aaslOA mutants may not have been isolated 
in earlier searches because they appear at a very low frequency: only four 
mutations were obtained in AAS101 and only one in AAS10A , out of a total of 43 
isolated in this study. 

The aaslOl mutants have the most severe phenotypc, the aas 1 OA has the 
weakest, and aasl02 and aas!03 are Intermediary. This is apparent from the 
degree of their sensitivity to various amino acid analogs, their growth rates, 
and their HI SAC enzyme activity and mRNA levels under starvation conditions. 
All four AAS genes appear to be involved to varying degrees in regulating 
derepression of the enzymes of many amino acid biosynthetic pathways. The aas 
mutations seem to prevent derepression of at least the histidine, tryptophan, 
arginine, and methionine pathways, as evidenced by their acquired sensitivity 
to analogs from these four pathways. Specifically, we have assayed the HISAC 
enzyme levels and have shown that under histidine starvation conditions, 
aaslOl , 102 , and 103 mutants do not derepress this enzyme at all; aaslOA shows 
only partial derepression. Northern blot analysis of' these mutants for the 
same growth conditions indicates that the failure to derepress the HISAC 
enzyme is a result of lowered HISA mRNA levels in the aas mutants. This 
result suggests that the positive regulatory role of these AAS" *" genes could be 
to promote transcription of genes coding for amino acid biosynthetic enzymes. 
Alternatively, the regulation could be exerted at the level of degradation of 
mRNA. 

One aas 103- complemen ting clone, 103R3, and two different aas 101- 
complementing clones, 101C and 101M, were isolated. Clearly only one of the 
101 clones can be the AAS101 structural gene. The 101G clone has been looked 
at in greater detail. Northern blot analysis of wild type S288C RNA indicates 
that under histidine starvation conditions, the 101G mRNA is itself greatly 
induced. This implies that the 101G gene is regulated in a way that directly 
relates to its function. If the AAS genes are positive controlling elements 
needed for derepression of genes under general control, an increase in AAS 
mRNA levels under amino acid starvation conditions is certainly logical. The 
Northern blot results also suggest that the regulation of the 101G gene is not 
mediated by the AAS 1 02 or AAS103 gene products since the derepression of 101C 
mRNA occurs in strains which are mutated in these genei- <7his is probably 
also true for the AAS 1 OA gene, but the results are somewhat ambiguous.) 

Southern blot analysis indicates that at least part of 101G sequences are 
present in more than one copy in the genome. Whether this reflects multiple 
gene copies, or the possible presence of some reiterated element, remains to 
be determined. Another observation is that 101M and 103R3 clones contain 
roughly 5 kb of inserted sequences in common. It is possible that this 
sequence is responsible for the observed complementation response in aaslOl 
and aaslQ3 mutants. Further analysis of the cloned sequences is necessary to 
ensure that the phenotypes which these plasmids confer are not high copy 
number artifacts. 
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5 ' Transcript 

In this paper we have determined Che existence of a transcript in the 5' 
regulatory region of one of the genes under general control, HIS4. The SI 
nuclease experiments indicate that an in vivo transcript exists for only one 
of the strands of this region. Our preliminary primer extension data indi- 
cates that transcripts of this region with two distinct start sites may exist. 
We are currently defining precisely where these transcriptional start sites 
map. The upstream HIS4 transcript contains an open reading frame and has the 
capacity to encode a polypeptide of 66 amino acids. The fact that similarly 
positioned open reading frames exist upstream from the structural genes of two 
other amino acid biosynthetic genes, TRP5 and HIS3, strongly suggests that 
these putative polypeptides may have some regulatory function in the general 
control of amino acid biosynthesis. 

Inspection of the nucleotide sequence of the 5* flanking regions reveals 
an intriguing property of the open reading frames. If these regions are 
translated, they exhibit an extreme bias for rare and infrequently used 
codons. These rare codons tend to be homologous to the anticodons of the 
minor yeast isoacceptor tRNA species. This suggests a number of regulatory 
mechanisms which would allow the yeast cell to monitor the charged state of 
the tRNAs. 

Experiments are in progress to determine the involvement of the 5 1 
transcript in HIS4 gene regulation. We are constructing inf rame lacZ fusions 
to this region which will be used in conjunction with Northern blot analysis 
to correlate mRNA and protein levels with HIS4 gene expression. Another 
approach for determining the role of the 5 1 transcript, or its translation 
product, on HIS4 gene expression, is to construct deletions of the coding 
region. Typically, deletion analysis of the 5* region of yeast genes has been 
performed by generating deletions with an exonuclease, such as Bal3 1, by 
initiating at an upstream restriction site and deleting bases for varying 
distances in the direction of the promoter. Deletions generated in this 
manner remove all genetic homology 5 1 to the promoter. Moreover^ the 
promoter is now flanked by sequences which are normally well separated. This 
sets up a situation which is clearly subject to artifacts. To minimize 
potential artifacts, we are constructing a small deletion which is totally 
internal to the putative coding sequences, leaving all flanking sequences 
intact. Analysis of a small deletion which generates a frameshift will allow 
us to assess the biological role of the putative translation product. 

Depending upon the outcome of these experiments, a model for the role of 
the transcript that we have identified should become apparent. What, if any, 
the relationship between the AAS* genes and this transcript is, remains to be 
addressed. 
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Protein secretion is a major aspect of cell metabolism and provides a mecha- 
nism for assembly of internal organelles and the cell surface. The cellular func- 
tions which execute the secretory process in yeast have been identified genetical- 
ly by the isolation of temperature-sensitive lethal mutants that block the secre- 
tory pathway at one of four stages* Three of these stages are defined by class A 
sec mutants which accumulate secretory glycoproteins inside one of three distinct 
organelles: endoplasmic reticulum (ER) , Golgi bodies, or secretory vesicles. 
Glycoproteins and secretory organelles accumulate at a nonpermissive temperature 
(37°C) and proceed to a succeeding stage in the pathway when cells are returned 
to a permissive temperature (25°C) even in the absence of new protein synthesis. 
Another type of sec mutant (class B) fails to produce active secretory enzymes 
even though secretory polypeptides are synthesized. Some of the mutants in this 
class are blocked in the translocation of secretory polypeptides across the ER 
membrane. 

The secretory pathway is responsible for localization of major yeast plasma 
membrane surface proteins. The export of at least four permease activities and six 
externally labeled plasma membrane proteins is blocked thennoreversibly in the sec 
mutants. The transport organelles, secretory vesicles in particular, may carry 
secreted enzymes with only a subset of plasma membrane proteins. Purified secre- 
tory vesicles do not contain chitin synthetase and vanadate-sensitive ATPase, two 
bonafide integral plasma membrane proteins. Another vesicle may be responsible 
for transport of these and other membrane proteins. 

Part of the secretory pathway is also responsible for localization of vacuolar 
glycoproteins. Carboxypeptidase Y (CPY) is synthesized as an inactive proenzyme 
which is matured in the vacuole by cleavage of an 8 Kd amino- terminal propeptide. 
Proenzyme forms of CPY accumulate thermoreversibly in sec mutants that are blocked 
in movement from the ER or from the Golgi body, but not in mutants that block 
transport of secretory vesicles. Vacuoles isolated from sec mutant cells do not 
contain the proCPY produced at 37°C. These results suggest that vacuolar and 
secretory glycoproteins require the same cellular functions for transport from the 
ER and from the Golgi body. The Golgi body represents a branch point in the path- 
way: :rom this organelle vacuolar proenzymes are transport z? the vacuole for 
proteolytic processing and secretory proteins are package v=siji^-. 
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Introduction 

Eutcaryotlc cells contain a number of membrane-bounded organelles which do 
not, on simple visual examination, seem to be related. Studies in the 1950 ? s 
and 1960 r s by Palade, Porter, de Duve, and Claude led to our current view that 
compartmentallzatlon provides the eukaryotic cell with a wide range of possibili- 
ties for regulation of metabolism* Recent progress on the study of the assembly 
of cellular organelles, in particular on the mechanism of localization of spe- 
cific protein constituents, has raised the possibility of intimate connections 
among the organelles. The secretory process has emerged as a common theme for 
transport of proteins and lipids to all parts of the cell. 

Protein secretion occurs in almost all cell types. Despite the wide range 
of activity that this implies, the stages in the secretory process are quite 
similar in all organisms. In eukaryotes, the sequence ER ■+ Golgi vesicle ■* 
cell surface is the generally accepted mode of transport for soluble and mem- 
brane proteins. Although prokaryotes clearly do not have specialized secretory 
organelles, polypeptide penetration across the bacterial cytoplasmic membrane 
occurs by processes quite analogous to those employed in protein import into 
the endoplasmic reticulum and into the mitochondrion. 

In addition to a role in cell surface assembly, the secretory process may. 
contribute to the assembly of the lysosome, the mitochondrion, and the nucleus. 
Lysosomal glycoprotein precursors are translocated into ER membranes by the same 
system used for secretory and plasma membrane proteins (2). Furthermore, both 
in histochemical and in organelle fractionation studies, lysosomal enzymes are 
detected in ER and Golgi cisternae (27). Mitochondrial membranes are assembled 
with lipids synthesized in the ER. Although many mitochondrial enzymes derive 
from soluble cytoplasmic precursors, the ER and mitochondrial outer membranes 
appear to share a number of integral proteins (29). Finally, the nuclear enve- 
lope is continuous with the ER. This is most apparent during interphase, when 
the nuclear envelope is reconstructed by outgrowth from the ER. Certain soluble 
nuclear components may also be derived from secretory organelles. The observa- 
tion that chromatin-associ.ited high mobility group proteins (IIMGs) contain N- 
glycosidically-linked , complex oligosaccharides suggests that these proteins may 
gain access to the nucleus via the Golgi body (25). Clearly, secretory orga- 
nelles play a major role : r. cell architecture and metabolism. 

While a considerable amount is known about the gross features of secretory 
organelles, and about the structure and covalent modifications of molecules that 
are transported through the organelles, it has been much more difficult to de- 
fine cellular functions involved in protein transport. New approaches involving 
genetic and biochemical techniques will be essential for appreciating the mecha- 
nism of transport. In this regard, recent advances in identifying proteins 
involved in the penetration of secretory and membrane polypeptides across a mem- 
brane (32,17,35), and in the discrimination of lysosomal and secretory proteins 
(13,14,26) provide important examples of these cellular functions. 

Identifying -"■ . .;; rir.j.? ■ * \ required for protein transport can 

be achieved with a vprc.i.:-. c^is and other reasons, my laboratory 

;ias undertaken a -~z^l-- - : ^vr-ry process in the yeast Saccharomyces cere - 

visiae . Although much less is known about the secretory process in yeast than 

in mammalian cells. in r ..« there are special technical difficulties 

in the use of yeas: us system, the~potential for a combined 

genetic and bioch : ^: : rr /e a crucial advantage. 
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Organization of the Yeast Cell Surface 

The yeast cell surface consists of at least three layers: The cell wall 
which contains mannoproteins and structural polysaccharides (8-1,3 and S-1,6- 
linked glucan) , a periplasm that contains mannoproteins, and a plasma membrane. 
Most of the soluble secreted enzymes, such as invertase and acid phosphatase, 
are located in the periplasm or in the cell wall where they are accessible to 
low molecular weight substrates. Certain smaller non-glycosylated proteins, 
such as a-factor and killer toxin, are secreted through the cell wall into the 
culture medium. 

Secretion is correlated topo logically to the region of cell surface growth. 
Invertase and acid phosphatase are secreted into the bud portion of a growing 
cell which corresponds to the point of cell surface addition during most of the 
division cycle (31, 8). The correlation between secretion and budding is best 
accounted for by an exocytic mechanism of surface growth. Secretory vesicles 
may fuse with the inner surface of the bud and deliver -mannoproteins to the peri- 
plasm and membrane precursors to the plasma membrane. The available cytologic 
evidence strongly supports this notion. Electron microscopic thin section and 
freeze fracture views show 50-100 nm vesicles which fuse with the bud plasma 
membrane (18). His tochemical staining of cells secreting acid phosphatase has 
shown enzyme-specific stain of the bud-localized vesicles, the ER, and a Golgi- 
like organelle (16). 

Although the yeast secretory process appears to resemble the mechanism used 
by plant and animal cells, one striking difference is the low level of secretory 
organelles revealed by standard EM thin section analysis. This low level is con- 
sistent with a rapid transit time for export of invertase (20), and a low level 
of invertase export precursors (22). The small internal pool of secretory pre- 
cursors provides a sensitive experimental system for the evaluation of mutants 
that block the secretory pathway and cause an accumulation of secretory enzymes 
and organelles. 

Isolation and Characterization of Secretory Mutants 

Given the possibility that the secretory process contributes generally to 
yeast cell surface growth, Peter Novick assumed that secretary mutants would be 
lethal. To get around this problem, Novick screened a collection of temperature- 
sensitive growth mutants for ones that failed to export active invertase and acid 
phosphatase at the nonpermissive temperature (37°C) , but which performed normally 
at the permissive temperature (25°C). Mutants representing two complementation 
groups ( seel , sec2) were found which accumulated secretory enzymes in an intra^ 
cellular pool (22). A large number of additional sec mutants have been isolated 
based on the observation that seel cells become dense at 37°C. Susan Henry 
showed that during inositol starvation of an auxotrophic strain, net cell surface 
growth stopped while cell mass increased (12). Starved cells could be resolved 
from normal cells on a Ludox density gradient. Similarly, sec mutant cells can 
be enriched from a rautagenized culture by incubation at 37°C followed by Ludox 
density gradient sec irr.enta C Ion . 

'":\c- sec mutants are of cwo types. Class A sec mutants (192 total) -ir- I : .-- - 
seel and sec2 , in that active secretory enzymes accumulate in an intracellular 
pool (-1). Class B sec mutants (23 total) do not secrete or accumulate active 
secretory enzymes, yet protein synthesis continues at a "ne*&r* normal rate :cr 
several hoars at 3 7°C. Complementation analysis has revealed 23 sec loci : : .-.e 
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A class and 4 sec loci in the B class. The distribution of mutant alleles sug- 
gests that more of both classes could be found. 

Many of the class A sec mutants secrete a large fraction of the invertase 
that accumulates at 37°C when cells are returned to the permissive temperature. 
In most cases the secretion of accumulated invertase is insensitive to cyclo- 
heximide. This Implies that the affected gene product is reversibly inactivated 
by the temperature shift. The result demonstrates that ongoing protein synthesis 
is not essential for post- trans la tional transit of secretory enzymes, and thus 
excludes the possibility that newly-synthesized secretory protein forces the flow 
of the export process. Mutations in one gene ( sec7 ) allow thermoreversible secre- 
tion only in growth medium containing a low concentration of glucose. 

Perhaps the most dramatic feature of the class A sec mutants is that they 
accumulate or exaggerate specific secretory organelles. Mutations in ten groups 
produce 80-100 nm vesicles at 37°C that are distributed throughout the cytoplasm, 
unlike the bud-localized vesicles seen in wild- type cells. Mutations in another 
nine genes produce exaggerated endoplasmic reticulum. In these mutants the ER 
lines the inner surface of the plasma membrane and winds through the cytoplasm 
where multiple connections with the nuclear envelope are seen. The lumen of both 
the ER and the nuclear envelope is wider than the corresponding wild- type struc- 
ture. Due to the high density of ribosomes in the background, it has not been 
possible to determine if the exaggerated ER is in the rough or smooth form, A 
third class of mutant, represented by two genes, produces a different organelle 
depending on the growth medium in which the cells are incubated at 37°C. Muta- 
tions in the sec7 gene cause the accumulation of typical Golgi-like structures 
when mutant cells are incubated at 37°C in medium containing 0.1% glucose. The 
same mutant, when incubated at 37°C in medium with 2% glucose, accumulates cup- 
and toroid-shaped organelles that we have called Berkeley bodies. This change 
in organelle morphology correlates with the effect of glucose on thermoreversible 
secretion mentioned earlier, and suggests that the Golgi-body structure is a 
more natural intermediate. In each case where reversible secretion is observed, 
a return to the permissive temperature allows the accumulated organelle to 
diminish in abundance. His tochemical stainine of mutants representing each of 
the distinct cytologic types has shown thac the secreted enzyme, acid phospha- 
tase, is contained in the lumen of the accumulated organelle (3). 

Susan Ferro-Novick has found that the class B sec mutants produce enzy- 
matically inactive forms of invertase ( 5 ) . In two of the mutants ( sec 53 and 
sec59) , immuno reactive forms of invertase are produced at 37°C which appear to 
remain embedded in the ER membrane (6). Perhaps as a result of this aberrant 
accumulation, the ER in these mutants appears fragmented in contrast to the 
smooth, thin ER envelope seen in wild-type cells. These mutants also show 
greatly reduced incorporation of [^Hj-mannose into a total glycoprotein fraction 
at 37°C, although oligosaccharide synthesis Is not directly affected. Reduced 
mannose incorporation appears to be due to a defect in translocation of nascent 
polypeptide chains to the lumenal surface of the ER membrane where oligosaccharides 
are transferred to protein. Surprisingly , protease protection experiments have 
inc ic.*: *. -.-•J a significant portion * inverraso lvr-:o"ide (II Kd of a 
60 Kc poiyv.op tide length) is 1 ...... i r. z -z .ir.d :;.aps across the ER mem- 
brane i.ri :r.utant c-.-ils at 37°C (7). "vv >:r : ;ro, .-is ~\z:\ -he class A sec mutants, 
sec53 and sec59 are thermoreversible. upon return to 25~C, in the presence of 
cycloheximide, ' the membrane-bound form f inver~.ns»-? is transferred into the lumen 
of the EK , glycosylated, and transprrv. : -V^ ■ 1" -urrace through the normal 
pathway . Thus, zhc-. sec53 and sec59 \± : r _ : 1 : "jnctior.s required 
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for completion, but not initiation of protein penetration across the ER mem- 
brane. 

Order of Events in the Pathway 

A simple technique exists for the ordering of events along a linear irre- 
versible pathway in which distinct intermediates accumulate in different mutants. 
In this circumstance a double mutant will accumulate the intermediate prior to 
the first block that is encountered. This analysis has been performed with 
mutants representing each of the four stages that are identified by the sec muta- 
tions. Double mutants containing sec53 or sec59 together with any of the class A 
sec mutants fail to accumulate active invertase (6). Thus, these class B sec 
mutants are epistatic to the other mutants. Among the class A sec mutants, the 
ER- accumulating phenotype is epistatic to the Golgi body- and vesicle-accumulating 
phenotypes, and a Golgi body-accumulating mutant is epistatic to all of the 
vesicle-blocked mutants (20 )• The order of events determined by this analysis 
is shown in Figure 1. 

An independent line of evidence supports this order of events. Brent Esmon 
and Susan Ferro-Novick have analyzed the extent of glycosylation of invertase 
accumulated at 37°C in the sec strains and identified at least two stages in 
oligosaccharide assembly (31,6). Very little carbohydrate is present on the 
membrane-bound form of invertase accumulated in sec53 and sec59, consistent with 
a defect in the translocation of secretory polypeptide into the ER lumen. Dur- 
ing normal transport into the *ER, invertase acquires 9-10 N-glycosidically-linked 
oligosaccharides which have a composition identical to the mammalian "high- 
mannose" oligosaccharide (Glc3Mano,GlcNAc2) ( 4 ) . The three glucose residues are 
removed at some post- translational step in the ER because sec mutants blocked in 
movement from the ER have high mannose oligosaccharides with a composition of 
Mano,GlcNAc2 (A)« In addition to N-linked carbohydrate, yeast mannoproteins 
have 0-1 inked mannotriose and -tetraose. The 0-linked sugars appear to be formed 
in the ER; 0-linked mannose and mannobiose accumulate in the ER-blocked mutants. 
Oligosaccharide maturation is completed either in transit to or within the yeast 
Golgi body. Mutants that block movement from the Golgi body, or the later mutants 
chat block discharge of secretory vesicles, accumulate N-linked . oligosaccharides 
chat have a complete outer chain structure and 0-linked mannotriose and 
-tetraose. Furthermore, incompletely glycosylated molecules that accumulate at 
an ER block are processed when cells are returned to the permissive temperature. 
The sequence of carbohydrate maturation events is summarized in Figure 2, Taken 
together the cytologic and biochemical results demonstrate that the yeast secre- 
tory pathway is essentially identical to the mammalian process. 

Plasma Membrane Assembly 

The initial characterization of the sec mutants suggested a general block 
in secretion and cell-surface growth at the nonpermissive temperature. In addi- 
tion to an immediate halt in bud growth, export of a number of secreted proteins 
''invertase, acid phosphatase, L-asparaginase , ^-galactosidase, a -factor, killer 

■ and plasma membrane Permease activities ^SO/^ - permease, arginine permease, 
■ 'ose permease, pro! ine-specif ic permease) is blocked. A more general probe 
.' .-: ::f ace assembly that was used to examine the export and turnover of macro- 
phage plasma membrane proteins (15) has now been adapted by Novick to examine 
Surface assembly in yeasc (23). Modification of cell surface amino groups with 
_r : - i t robenzenesulf onate (TN3S) followed by precipi tat iori with TNP antibody allows 
. \sis of newly-exported proteins. In this procedure, wild-type and mutant 
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cells are labeled with protein synthesis precursors at 37°C and then tagged with 
TNBS at 0°C. Under these conditions* TNBS does not penetrate Into the cell. 
Both secreted and plasma membrane surface proteins are tagged In this procedure 
and can be examined separately: secreted proteins are released when cells are 
converted to spheroplasts., and tagged membrane proteins are recovered In a sedl- 
mented fraction from lysed spheroplasts. Wild-type cells export distinct sets 
of membrane and secreted proteins as revealed by SDS-gel electrophoresis of TNP- 
antibody precipitates. The major proteins in both fractions are not exported in 
sec mutant cells at 37°C, but are at 24°C. Furthermore, accumulated surface pro- 
teins are exported when radiolabeled sec mutant cells are returned to 2A°C. These 
results suggest that the secretory process is responsible for the localization of 
most cell surface proteins in yeast. 

In order to test the possibility that secretory organelles that accumulate 
in the sec mutants contain secretory and plasma membrane proteins in the same 
structures, mutants representing each stage In the pathway have been used as a 
source of material in cell fractionation experiments, sec Mutant cells are in- 
duced for invertase synthesis at 37°C so that all new activity is contained within 
the accumulated organelle. Bill Hansen has devised a procedure for lysis of 
spheroplasts that retains invertase within secretory organelles. Intact organelles 
are monitored during membrane fractionation using latent invertase as an enzyme 
marker. Tina Etcheverry has developed a method for isolation of invertase- 
containing vesicles from the seel mutant. The procedure involves velocity and den- 
sity sedimentation followed by electrophoresis on an agarose gel. The final 
fraction is free of contamination by other known cytoplasmic and membrane markers, 
while at least one other secretory enzyme, acid phosphatase, fractionates along 
with invertase. Of particular note is that two integral plasma membrane proteins, 
chitin synthetase and vanadate-sensitive ATPase ( 1,34), are synthesized in a 
sedimentable form in see l cells at 37°C but fractionate away from secretory 
vesicles. These two membrane enzymes, and probably others, may be transported 
to the cell surface in a distinct vesicle which does not behave like the invertase- 
containing particle. The two separable organelles may nevertheless share a 
requirement for sec gene products involved in transport to the cell surface. 

Vacuole Assembly 

The yeast vacuole contains a number of hydrolytic glycoprotein enzymes and 
Is thus analogous to the mammalian lysosome (33). Figure 3 lists several soluble 
and one membrane enzyme known to be localized in the vacuole* The serine -protease 
carboxypeptidase Y (CPY), is a vacuolar enzyme that has been studied extensively. 
CPY has a single sub unit of 61 Kd, 10 Kd of which is carbohydrate in the form of 
four N-gly cos id ically- linked oligosaccharides (10). Hasilik and Tanner (9) found 
that CPY is synthesized as a proenzyme that is converted in vivo to the mature 
form with a half time of 6 min. A 69 Kd proenzyme form of CPY was found by 
Hemmings e_c al. (11) to accumulate in a mutant, pep4 , which is pleiotropically 
defective in the maturation of a variety of vacuolar enzymes. Hemmings et al . 
(11) also found that a chain- terminating mutation in the CPY structural gene 
which results in a shortened polypeptide in a PEP4 strain, produces a fragment 
that is 8 Kd larger in a pep4 strain. These data suggest that proenzyme - jura- 
tion requires the PEP4 gene product: and is achieved by cleavage of an 
terminal 8 Kd propeptide. Proenzyme maturation and transport does not require 
glycosylation. Yeast cells treated with tunicamycin, a drug which blocks the 
synthesis of high-mannose oligosaccharides, synthesize, transport, and proteolytic- 
ally convert a nonglycosylated form of CPY (10,19). 
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Proenzyme proteolytic cleavage is not required for transport. Torn Stevens 
has shown the proCPY produced in pepA cells is localized properly in the vacuole 
(30). Thus, the PEPA gene product is required for maturation, and not for trans- 
port. If proenzyme maturation occurs in the vacuole, and if vacuolar proteins 
require the secretory pathway for transport, proenzyme forms will not be localized 
and processed at 37°C in the sec mutants. 

Ferro-Novick and Hansen have shown that unglycosylated proCPY remains asso- 
ciated with the ER membrane in sec53 and sec59 when cells are labeled at 37°C 
(6). Stevens has shown that class A sec mutants that block movement from the 
ER or from the Golgi body accumulate proCPY in some place other than the vacuole, 
presumably in the accumulated organelle (30). Upon return to the permissive tem- 
perature the accumulated proenzyme forms become processed normally. Mutants that 
block after the Golgi step have no effect on CPY localization. These results sug- 
gest that vacuolar and secretory proteins travel together from the ER to the Golgi 
body where sorting may occur (Figure 1). These results rule out a secretion- 
recapture mechanism of localization such as has been suggested in studies on 
mammalian lysosomal enzyme transport (19). 

A mannose-6-P determinant on N-linked oligosaccharides has been implicated 
in the targeting of lysosomal enzymes in human fibroblasts. Although sorting of 
lysosomal and secretory proteins in the Golgi body may rely on a carbohydrate 
structure, the ultimate source of discrimination lies in an amino acid sequence 
or structural feature of the targeted protein. Carbohydrate does not serve this 
role in yeast because at least two vacuolar proteins, CPY and an alkaline phos- 
phatase, are synthesized and activated normally in the absence of oligosaccharide 
synthesis (10,24). Mutant alleles of CPY that result in misdirection of an other- 
wise normal proenzyme may reveal the signal responsible for normal localization. 

Conclusions 

The transport of cell surface macromolecules requires a large number of 
cellular functions. Lesions in these essential functions lead to an interruption 
of plasma membrane and secretory protein export at one of four stages in a linear 
pathway (Figure 1). Mutants blocked early in the pathway have shown that glyco- 
protein carbohydrate synthesis is compartmentalized: core oligosaccharides are 
added in the ER, and the outer chain structure is extended in the Go le i body 
(Figure 2). These same mutants have revealed that part of the pathway is respon- 
sible for localization of at least one vacuolar glycoprotein. 

The sec mutants have provided a new method for tracing the pathway of pro- 
tein localization in a eukaryote, and have in a limited sense defined the cellu- 
lar functions required for transport. ^In vitro reactions that require the sec 
gene products and thus reflect portions of the secretory pathway will be needed 
to understand the mechanism of transport. 
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The fol lowing mutations cause overproduction of iso-2-cytochrome c, the 
minor form of cytochrome £ in the yeast Saccharomyces cervisiae : CYC7^H 
mutations that are cis-dominant and that have extended alterations in the 5' 
region adjacent to the structural gene CYC7 ; and recessive mutations at any of 
the unlinked loci cyc8 , cyc9 , cyclO and cvcll . Three CYC7-H mutants, CYC7-H1 , 
CYC7-H2 , and CYC7-H5~all overproduce 20-30 times the normal amount of 
iso-2-cytochrome c, but each have different genetic alterations that result in 
different abnormaT sequences at different sites along the 5' region. CYC7-H1 
is a reciprocal translocation with a breakpoint between the ATG initiaton 
codon and a Xhol site at nucleotide position -140, CYC7-H2 contains 5.5 kbp 
Ty element inserted at position -185. CYC7-H3 contains a deletion that 
extends from position -223 to approximately 5 kbp. The recessive mutants 
contain 3 to 7 times the normal amount of iso-2-cytochrome £ although certain 
strains containing two of the recessive mutations overproduce approximately 15 
times the normal level. Some of the recessive mutations also cause pleiotropic 
phenotypes not obviously related to the overproduction of iso-2-cytochrome £. 

CVC7-H mutants and the four recessive mutants have higher amounts of the 
CYC 7 transcript which approximate the overproduction of iso-2-cytochrome £. 
We suggest that the overproduction of i sc -2-cytochrome £ is due to enhancement 
of normal transcription either by the presence of abnormal sequences at the 5' 
regulatory region or by mutation of components involved in transcription of 
the CYC 7 and possibly other genes. 
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INTRODUCTION 

The i so -cytochrome £ system in the yeast Saccharomyces cerevisiae has been 
used in numerous diverse investigations, including various aspects of gene 
expression and regulation. As part of the studies on gene expression, we have 
been examining alterations that lead to increased levels of gene products. 
Because of a convenient selective system, mutations causing up to 30 times the 
normal amount of iso-2-cytochrome £ have been obtained. Genetic analysis of 
these mutants and DNA analysis of regions encompassing the mutations revealed 
that overproduction is caused either by gross alterations in front of the 
translated region of the structural gene or by mutations at any of four loci 
unlinked to the structural gene. In this paper, we briefly summarize 
essential features of the iso-cytochrome c system and we describe these types 
of mutations that cause overproduction of^i so- 2 -cytochrome £. 

THE ISO-CYTOCHROME £ SYSTEM 

I so -1 -cytochrome £ and iso-2-cytochrome £ normally constitute, 
respectively, 95 percent and 5 percent of the total cytochrome £ complement in 
the yeast Saccharomyces cerevisiae grown aerobically under derepressed 
conditions*! Both i so- cytochromes £ apparently carry out equivalent functions 
in mitochondrial oxidative phosphorylation (13) and both are more or less 
coordinately regulated during derepression by non fermentable carbon sources or 
during induction by oxygen; however, variations in their proportions as well 
as in their absolute amounts occur during induction by oxygen and during the 
transition from a repressed state to a derepressed state (18,21). Genetic 
analyses of strains containing mutationally altered forms of cytochrome £ have 
established that the primary structure of i so -1 -cytochrome £ is determined by 
the CYC1 gene (24), which is located on the right arm of chromosome X (12), 
and that the primary structure of i so -2 -cytochrome £ is determined by the CYC7 
gene (4,5). which is located on the left arm of chromosome V (22). DNA 
sequences have been determined for the translated regions as well as the 
adjacent regions of both the CYC1 (26) and CYC7 (15) loci. The detailed 
physical information and the procedures for selecting and detecting forward 
mutations, reverse mutations (23) and mutations causing overproduction (4,27); 
make iso-cytochrome £ ideally suited for investigating gene expression. 

I SO- 2 -CYTOCHROME £ 0VERP30DUCERS 

Mutants completely deficient in any of the mitochondrial components 
required for functional respiration are unable to utilize nonfermentable 
substrates as carbon and energy sources. Thus the double mutant, cvcl eye 7 , 
deficient in both 1 so- 1- cytochrome £ and 1 so- 2 -cytochrome £, Is una Die to grew 
on media containing, for example, ethanol , glycerol or lactate as the sole 
carbon source (4). Revertants containing as low as 1 percent of the normal 
amount of total cytochrome £ can grow, although poorly, on glycerol or ethanol 
media but are still unable to grow on a special semi -synthetic lactate 
medium. In fact, cycl CYC7+ mutants lacking i so -1 -cytochrome £ but containing 
the normal 5 percent 'r-r' of i so- 2 - cy t: : ^ome £ do not grow or barely grow on 
rotate medium {23.i: . "nus , a variety revertants can be obtained by 
c iting high densities cycl CYC"* ce^U on lactate medium. If the cycl 
a,!e1e is revertible or Suppress*. e , revertants containing iso-i-cytochrome £ 
can arise because of intragenic mutations or suppressor mutations. However, 
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if the cycl allele is not revertible or suppressive, such as In the case with 
cycl deletions, then the only revertants arising on lactate medium are those 
containing increased levels of 1so-2-cytochrome £. The overproduction of 
1 so- 2 -cytochrome £ in the various revertants ranges from barely detectable 
increases to approximately 30 times the normal level. Genetic analysis 
revealed that i so- 2 -cytochrome £ overproduction can be due either to mutations 
within or adjacent to the CYC 7 structural gene or to mutation at any of at 
least four unlinked lod. ~THe mutations at the CYC7 locus, denoted CYC7-H 
mutations, occur at very low frequencies and are associated with gross 
alterations that produce dominant effects. In contrast, mutations at the 
unlinked loci arise at frequencies typically observed for forward mutations 
that inactivate genes. These unlinked mutations are recessive (Table 1). 





Table 1. 


Mutants Overproducing Iso-2-cytochrome £ 




Wild- type 
alleles 


Chromosomal 
location 


Mutant 
allele 


Lesion 


Fold increase 
of Iso-2 


CYC 7+ 

CYC8 
CYC7 
CYCTO 
CYC 11 


V left 

II right 

III right 
Unknown 
Unknown 


CYC7-H1 

CYC7-H2 

CYC7-H3 

cyc8 

eye? 

eye 10 

cycll 


Translocation 

Ty insertion 

Deletion 

Point 

Point 

Point 

Point 


20-40 
15-30 
15-30 
3-6 
3-6 
5-10 
3-6 



THE CYC7-H OVERPRODUCERS 



A genetic and biochemical analysis of the three mutants, CYC7-H1 , CYC7-H2 
a ? d CYC7-H3 indicate that all three of these mutants overproduce 20 to - 35 
times tne normal amount of iso-2 -cytochrome c, all are dominant, and all have 
gross alterations adjacent to the CYC7 structural gene. The CYC7-H1 mutation 
involves a reciprocal translocation, the CYC7-H2 involves the insertion of a 
Ty element and the CYC7-H3 involves a deletion. The alterations adjacent to 
the CYC7 locus were initially revealed from the analysis of genomic yeast DNA 
probed with a CYC 7+ fragment as shown 1n Fig. 1. EcoRI or Hindlll digests of 
each of the CYC7-H mutants contain one or two restriction fragnents that 
hybridize to the CYC 7+ probe and that differ In size from each other and from 
the CYC7+ fragnenTI The different sizes of the restruction fragnents suggest 
that an extensive region near the CYC 7 locus Is altered in each of the CYC7-H 
mutants. Genetic analysis of the three CYC7-H mutants and restriction mapping 
of the cloned CYC7-H2 and CYC7-H3 genes resul ted in the characterization of 
their corresponding aberrations. 

The CYC 7 -HI Mutation 



An analysis of various crosses demonstrated that the CYC "-HI mutation is a 
reciprocal translocation with a breakpoint at the CYC7 locus on tne left arm 
of chromosome V and a breakpoint on the right arm of chromosome XVI (20). The 
reciprocal translocation was identified from the pattern of spore inviability 
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Figure 1. Southern Blot of CYC7-H Mutants- Genomic DMA samples from CYC7+, 

CYC7-H1, CYC 7 -H 2 and CYC7-H3 strains were digested with either EcoRl or 

Hi ndl II, electrophoresed in 1 percent agarose, transfered to a nitrocellulose 
sheet and hybridized to a nick-translated probe consisting of an EcoRl DMA 
fragment containing the CYC7+ region. Type I strains lack a Hindlll site 3' 
to the CYC 7 gene, which is present in Type II strains- All of the CYC7-H 
mutants were derived from CYC 7+ Type II strains. The autsradi o gram .of these 
di jests demonstrates that fragnents complementary to the I V C7" region differ 
greatly in size, indicating that each of the CYC7-H1, CYC7-H2 and CYC 7 -H 3 
mutants contain different alterations within the CYC 7 region. (Adapted from 

1 Q ) 
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and abnormal linkage in heterozygous CYC7-H1/CYC7+ crosses. In addition, the 
chromosomal constitution was further characterized by the analysis of crosses 
that were homozygous for the translocation but heterozygous for alterations in 
the CYC7 structural gene. The results of the genetic analysis resulted in the 
genetic maps of the translocated and normal chromosomes V and XVI that are 
presented in Fig, 2. These genetic analyses established that one of the 
translocated points is at the CYC 7 locus on chromosome V and that the other is 
proximal to male 3 on chromsome XVI (20). Dominant and recessive properties of 
the CYC 7 -HI mutations were investigated with several mutants lacking 
iso-2-cytoc hrome £, including a UAG mutation cyc7-Hl-l corresponding to amino 
acid position 24. Because cyc7-Hl-l/CYC7+ diploid strains contain 
• approximately half of the amount of i so- 2 -cytochrome £ found in CYC7-H1 
haploid strains and because cyc7-Hl-l/CYC7+ diploid strains contain 
approximately the CYC 7+ level , the overproduction of iso-2-cytochrome £ caused 
by the CYC 7 -HI translocation is cis dominant and trans recessive. 

The normal amino acid composition and peptide map of iso-2-cytochrome c 
from the CYC7-H1 mutant indicated that the breakpoint of the translocation is 
outside of the translated portion of the gene (4). Furthermore, the low 
frequency of CYC7-H1 recombinants among the meiotic progeny of eye 7 -HI- 1 x 
CYC 7+ crosses is indicative of a short genetic distance between the CYC 7 -HI 
breakpoint and structural gene (4). The abnormal size of the EcoR I and Xho l 
restriction fragments from the CYC 7 -HI DMA shown in Figures 1 and 3 suggests 
that the translocation altered the EcoR I and Xho l sites that are, 
respectively, approximately one kbp and 140 bp in front of the translated 
region of the gene. These altered restriction fragnents, along with finding a 
normal i so- 2 -cytochrome c, indicate that the breakpoint is between the 
structural gene and the Jhol site 140 base pairs in front of the AUG 
initiation codon. Thus it is apparent that the translocation disrupted the 
CYC7 regulatory region in a way that caused overproduction of iso-2-cytochrome 
£. The formation of an abnormal regulatory region contiguous to the CYC7 
structural gene in the CYC7-H1 mutation is similar to the alteration in the 
other mutations CYC7-H2 and CYC7-H3 , but, as described below, the regulatory 
region is disrupted at different sites and all three of the abnormal sequences 
were different from eacn other. 

The CYC7-H2 Mutation 



Initial genetic analysis established that the CYC7-H2 mutation contains a 
lesion at or near the CYC7 structural gene and that the lesions causing 
overproduction could be separated by recombination from a site in the 
translated portion of the gene (22). Unlike the CYC 7 -HI mutation, the CYC7-H2 
mutation was not associated with a gross chromosomal rearrangement that 
produces deficiencies in the meiotic progeny from heterozygous crosses. 

The DNA alteration of the CYC7-H2 mutation was characterized by 
restriction endonuclease analysis of the cloned segment, by heteroduplex 
analysis of CYC7+ and CYC7-H2 segments and by DNA sequencing of the pertinent 
regions (8,9 anc 2. ; i • Dd et_ aj_. , unpub ■ * shed results). The results, 
summarized in Fi zw- : . aemon sz^6 ~e tn^t -in approximately 5.5 kbp segnent was 
inserted at a si.e ". :? fr? r t of the translated portion of the gene. The 
inserted segment was found to n^ridize to a probe containing the central 
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Figure 2. The CYC 7 -HI Mutation. A genetic map is shown of the left a-rr of 
chromosome V and the right arm of chromosome XVI. Overproduction of 
iso-2-cytochrome c occurs in CYC7-H1 strains containing a reciprocal 
Translocation between these two chromosomes (20). The breakpoint on 
chromosome V is adjacent to the CYC 7 gene and, on chromosome XVI is between 
VAX 6 and MAX 3. 




r igure 3. Southern Blot o r C V C7-H1 Mutant. Genomic DNA from CYC + and 
CYC 7 -Hi DNA was digested e = ect-o:nc^:e: in 1 percent agarose, 

trans ^e^ed to a nitrocellulose sneet *nd nyoridized to a nick translated probe 
consisted of an EcoRl fra gne n - contai.^-: .: the CYQ region. The autoradiogram 
shows a different Xhol restriction pattern for the CYC7-H1 and CYQ region. 
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portion of a Tyl element which Cameron et aj_. (1) identified and characterized 
as a family of dispersed repetitive elements in yeast. The DNA sequence of 
the termini of the inserted segnent were found to be closely homologous to the 
terminal « sequences of known Ty elements and a 5 bp duplication was created 
at the site of insertion, similar to duplications created by Ty elements 
inserted at other sites (10,11,31). 

Unlike the CYC7-H1 mutations discussed above and the CYC7-H3 mutation 
discussed below, the CYC7-H2 mutation has special properties that belong to a 
class of mutations denoted as ROAM (Regulated Overproducing Alleles responding 
to Mating signals) by Errede et al_. (8,9). 

The ROAM mutants are defined by the characteristic property that 
overproduction or consti tutivi ty occurs 1n MATa and MATg haploid strains but 
less so or not at all in MATa /MATg diploid strains homozygous for the 
regulatory mutation. Furtfiermore, overproduction occurs in MATa/MATa and 
MATa /MATg diploid strains capable of mating as well as in specialTjT"" 
constructed diploid strains capable of both mating and sporulating. 
Overproduction is decreased when haploid ROAM mutants also contain the ste7 , 
stell , ste!2 or ste4 mutations which prevent conjugation; however, other ste 
mutations such as ste3 , ste5 and stel3, do not affect the expression of ROSff 
mutations. Genetic analysis of diploid strains heterozygous for ROAM 
mutations and homozygous for HAT alleles indicated that the overproduction 
mutations are caused by cis dominant alterations adjacent to the structural 
genes . 

In addition to CYC7-H2 , the ROAM mutants include cargA+ O h , which 
consti tutively overproduces arginase, car<fi + O h which consti tuti vely 
overproduces ornithine transaminase, durO " which consti tuti vely overproduces 
the urea carboxylase allophanate hydroTase enzyme complex (8,9) and ADR3 C 
"hich constitutively produces slightly lower amounts of alcohol dehydrogenase 
II (30,31). The similar genetic properties of the cargA +Q", card* + O fi 
and durO " suggest that they each contain an inserted Ty eTement. DNA 
sequencing of pertinent regions of the four mutants ADR3-2 C , ADR3-3 C , 
Aj3R3^6 c ADR3-7 C demonstrate that they contain Ty insertions, that the 
points ot insertion are different for each of the mutations, that the Ty 
elements are oriented in the same direction and that this orientation is the 
same as the orientation of the Ty element in the CYC7-H2 mutant. Thus, 
insertion of Ty elements in front of a number of unrelated genes can lead to 
overproduction, constitutivi ty or both; although the site of insertion in 
front of the gene may vary, it appears as if the same orientation is required 
and in this orientation the Ty transcript is synthesized in the opposite 
direction as the transcript of the affected gene (6,7). 

The CYC7-H3 Mutation 

Genetic and molecular analyses have demonstrated that the CYC7-H3 mutant is 
a deletion of about 5 kbp from the region immediately 5* to the CYC 7 coding 

r-ag-j-r. Subsequent DNA sequence analysis has shown that the deletion 

z>^3:<::cin: proximal to the CYC7 gene is 222 Do 5 ' to the ATG initiation codon 
4) (Kosiba and Sherman, unpublished results). In addition to causing a 
c-.s-cominant 20-fold overproduction of i so- 2 -cytochrome £, the CYC7-H3 
mutation was found (14) to have the following four recessive phenotypes: 
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CVC7 + 



-222 -186 -182 -170 +1 

I I I I I 

. CATTTATTCAAGTTCCAACTACTATAAGTGGCCGCAAGG GGCA | AAGACl AAAGGC AC AC AA ATG . 



CYC7-H2 



■ AGGGCA I AAGACl Ty I AAGACl AAA G ATG 

t I I I 



.CCAATGGTCAAGTT . 



CYC7-H3 

ATG... 



Figure 4. The CYC7-H2 and CYC7-H3 Mutations. The DNA sequence of the CYC7+ 
(15), CYC 7 -H 2 and CYC7-H3 regions. The CYC 7 -H 2 sequence shows a Ty insertion 
between -186 and -182 Dp *"-z-r- ATG i ni tiation codon of i^e - o - 2-c vtoc n-ome 
£ coding region. This Ty i.nsv'-iion generates the customary 5 :_ r^ e "a: at 
each end of the insertion. 7hr C "C7-H3 sequence shows a brea-. -:c " ~ t in th- 
wild type CYC 7+ DNA sequence 5' to position -222- 
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sensitivity to ultraviolet radiation; inability to grow on hypertonic medium 
containing ethylene glycol or KC1; sensitivity to a breakdown product of 
chloramphenicol, amino nitrophenyl propanediol (ANP); and flocculent cells, 

McKnight et aK (14) showed that the four recessive phenotypes segregated 
with the CYC/3T3 mutation in all of the 294 pedigrees examined and that they 
were controlled by two new genes, RAD23 and ANP1 . Point mutations at the 
RAD23 locus failed to complement the UV sensitivity while point mutations at 
ANP1 failed to complement any of the other three phenotypes: ANP sensitivity, 
osmotic sensitivity or cell flocculence. 6enetic mapping of two point 
mutants, rad23-l and anpl-1 , with respect to the CYC7-H2 mutation showed the 
gene order to be centromere -AHPl-RAD23-CYCl . From the pattern of gene 
conversion in this analysis the size of the ANP1-CYC7 interval was estimated 
at about 2.1 centiMorgans. Thus the C YC 7 -H 3~ "muTa tTon 1s a 5 kbp deletion 
extending from the ANP1 region to 222 bp In front of the CYC7 coding region 
which results in osmotic sensitivity and associated phenotypes, UV sensitivity 
and the overproduction of i so- 2 -cytochrome c. This overproduction of 
cytochrome c results from the deletion whicTT removed 5 kbp upstream of the 
CYC 7 gene, Tusing the CYC 7 gene to novel upstream DNA sequences. 

RECESSIVE OVERPROOUCERS 

By far the most frequent mutations causing overproduction of 
iso-2-cytochrome £ *«re found to be recessive and unlinked to the CYC 7 locus. 
Genetic complementation tests revealed that these mutations fall into four 
loci which have been designated CYC8, CYC 9 , CYC 10 and CYC 11 (17, Kosiba, 
Errede and Sherman, unpublished results). These loci may correspond to one or 
more of the Voci CYP1 , CYP2, CYP4 and CYP5 described by Verdiere and 
Petrochila (29) ancTothers (3715728). 

The cyc8 mutant 



The cycg mutation leads to an Increase in i so -2 -cytochrome c production of 
approximately three-fold, to a lacy colony morphology and in some genetic 
background with abnormal cell shape (17). 

The diploid cross cycl CYC7+ cyc8 / cycl CYC7+ CYC8+ contains the same 
normal amount of iso-2-cytochrone c as the diploid cross cycl CYC7+ CYCS' / cy:! 
CYC 7+ CYC8+ , thus indicating that the cyc8 mutation is recessive. Similar 
tests also revealed that the cyc9 , eye 10 and cycll mutations were recessive. 

The cyc8 mutation leads to an increase in iso-2-cytochrome c production of 
approximately three-fold, to a lacy colony morphology and abnormal cell shape in 
some genetic backgrounds (17). 

The eye 9 Mutant 



Similar to cyc8 mutants, the cyc9 mutants contain approximately three 
times then normal amounts of i $o-2-cytoch**ome c. The cyc9 mutation cause z 
large number of apparently unrelated z '■ -: ■* : : r?jz .-; c z -.otypes and is, : : ~. 
equivalent to the tupl , umr7 and f 1 kl m-jta^ions thai were uncovered in c: 
studies. The following pleiotropic phenotypes are associated with the •: : 
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etc. mutations: the ability to utilize exogenous dTMP; a characteristic 
flocculent morphology; the lack of sporulation of homozygous diploids; low 
frequency of mating and abnormally shaped cells of a strains; the lack of 
detection of UV-induced nutations at the CAN1 locus, and the lack of 
catabolite repression of numerous enzymes including maltase, 
a-methyl -glucosidase invertase and succinate dehydrogenase (see (17) for 
original citations). However, the cyc9 mutation appears not to appreciably 
affect i so -1 -cytochrome £ or at most only slightly lower its concentration. 
The CYC9 locus, as well as the equivalent loci TUP1 , UMR7 and FLK1 is located 
on the right arm of the chromsome III. 

The eye 10 and eye 11 Mutants 



CyclO and eye 11 mutants were recently uncovered in systematic searches for 
mutations causing overproduction of i so-2-cytochrome £ (B. Errede, B. Kosiba, 
and F. Sherman, unpublished results). The examination of cytochrome £ in 
diploid crosses established that the eye 10 and eye 11 mutatios are recessive 
and that they complement each other as wel 1 as the cyc8 and eye 9 mutation. In 
addition, as shown in Table 2, the eye 10 and eye 11 mutations are unlinked to 
each other and to the cvc8 and cyc9 mutations. The eye 10 and eye 11 mutants 
overproduce, respectively, approximately 7 and 3 times the normal amount of 
iso-2-cytochrome £, similar to the overproduction of observed in cyc8 and cyc9. 
mutants. However, unlike the cyc8 and cyc9 mutations, the eye 10 and eye 11 
mutations do not produce any addi ti onal effects such as aberrant colony 
morphology. 



Table 2. Independent Segregation of eye 10 and eye 11 with Each Other 

and with cyc8 and cyc9 





PO 


NPD 


T 




PD 


NPD 


T 


cyc!0-cyc8 


2 


2 


10 


cycll-cyc8 


2 


2 


5 


cycl0-eyc9 


1 


2 


4 


cycll-cyc9 


1 


1 


9 


eye 10 -eye 11 


0 


3 


11 











INTERACTION OF OVERPRODUCERS 

Haploid strains containing various pairwise combinations of the cyc8, 
cyc9 , eye 10 and eye 11 mutations produced hi qjher levels of iso-2- cytochrome £ 
than haploid strains containing only one of the mutations (Table 3). The 

: \ '-:roduc ti cn ' so-2 -cytochrome £ appears approximately additive although 
: . ~: * ' *a **" on : win : / c 1 0 produce unexpectedly larger amounts of 
* : z .:- 2 - cytochrome z. In contrast, previous "esul ts with the CYC7-H2 mutation 
ir.uicated tr.dt tr.e CYC7-H2 overproduction was not compounded with the cyc8 or 
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eye 9 overproduction; cvcl CYC 7 -H 2 cyc8 and cycl CYC 7 -H 2 cyc9 segregants did 
not appear to contain higher levels of iso-Z-cytochrome c than the cycl 
CYC7-H2 segregants (17). ~ 



Table 3. Overproduction of I so-2-cyto chrome c in Haploids 
Containing Combinations of Recessive Mutations 





Single Mutations 


Double Mutations 


Genotype 


Fold 
overproduction 


Genotype 


Fold 
overproduction 


cyc8 
cyc9 
eye 10 
eye 11 


3 
3 
7 
3 


cyc8 eye 9 
eyeff eye 10 
eyeff cycll 
cyc9 eye 10 
cyc9 cycll 
eye 10 cycll 


6 
15 

6 
15 

6 
15 



OVERPRODUCTION OF THE CYC 7 TRANSCRIPT 

Overproduction of iso-2-cytochrome c in the three CYC7-H mutants and the 
four cyc8 , cyc9, eye 10 and cycll recessTve mutants approximately parallels 
overproduction of CYC7 transcription. Total cellular RNA, extracted from each 
of the overproduces, was separated on a denaturing agarose gel, transferred 
to a nitrocellulose membrane and hybridized with a specific CYC 7 probe. The 
results, shown in Figure 5, demonstrate that little CYC 7 mRMJTTs produced by 
tne CYC7 * strain compared to the strains overproducing iso-2-cytochrome c. 
Although precise quantitative determinations were not made, the level ofHCYC7 
transcription was higher in the three CYC7-H mutants than the four recessive 
mutants, suggesting that the amount of the iso-2-cytochrome £ protein 
corresponds to the amount of the CYC 7 transcript. 

CONCLUSION 

Mutations overproducing 1 so -2 -cytochrome c consist of either gross 
structural changes upstream of the coding region or extragenic mutations at 
several unlinked loci. The former class of mutations includes a 5 kbp 
deletion, a 5.6 kbp insertion and a reciprocal translocation between 
chromosomes V and XVI. Each of these mutations introduces entirely new DNA 
sequences within the first 230 bp upstream of the 1 so- 2 -cytochrome c ATG 
translation start site. These abnormal DNA sequences may function directly, 
-y providing the basic DNA sequence necessary to bind SNA do * ymerase and 
initiate transcription at abnormally high rates. Alternatively, these 
sequences may function indirectly by enhancing the utilization of pre-existing 
signals by some unknown means such as altering the chromatin structure. 
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Figure 5. CYC7 Specific mRMA in Iso-2-cytochrome £ Overproducer Mutants. 
Total cellular RNA was extracted from CYC7+ and i so- 2 -cytochrome £ 
overproducer strains. Approximately 20 u9 of each sample was denatured, run 
in 1.8 percent agarose, 50 percent formamide, transfered to a nitrocellulose 
sheet and hybridized to single strainded radiolabeled probe consisting of a 
Sau3AI/Hp^:: c *-~ rpent contai'vng most of the CYC 7 cistron. The autoradiogram 
shows a : ow of 53C rz' C'C? - : zed f i c message from CYC 7+ cells, moderately 

increased leve : : :-f CYC " -spec-, tic message from cyc8, cyc9 , cyclO and eye 11 RNA 
and greatly *r. ceased levels of CYC 7 - spec i fic message r>om CYC7-H1 , CYC7-H2 
and CYC 7 -H 3 cells. 
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The CYC7-H1 mutation contains new DNA sequences less than 
140 bp from the CYC7 ATG initiation codon and produces a transcript 
which appears to be slightly shorter than that of the wild *ype CYC7+ gene. 
Thus the overproduction of iso-2-cytochrome c seen In CYC 7 -HI mutants may 
result from an abnormal 5' region determining the rate and origin of CYC 7 
transcription. However, the CYC7-H2 and CYC7-H3 transcripts both appear~to be 
the same size as the CYC7+ transcript. Al though the mechanisms of 
overproduction 1n CYC7-H2 and CYC 7 -H 3 are unknown, a common mode of action can 
be suggested by considering the properties of CYC7-H2 and other ROAM 
mutations. In the case of the CYC7-H2 and four ADR3 C mutants, the 
transcripts of the affected gene and the adjacent Ty element are synthesized 
divergently. The size of the CYC 7 -H 2 transcript (Fig. 5) and the 5 1 ends of 
seven ADR3 C transcripts (31) indicate that the mRNAs 1n ROAM mutants are 
initiating at the normal site- In addition, the amount of Ty RNA is dependent 
on the mating type system, there being 20 times more 1n MATa and MATa haploid 
cells thanin MATa/MATa cells (7). Thus it appears that transcription away 
from the 5' end of certain genes causes overproduction and consti tutivity. 
Also, the insertion of just any DNA sequence does not cause equivalent 
effects; there is a lack of constitutive expression of alcohol dehydrogenase 
II when an Insert of approximately 350 bp solo 6 1s at the same site as the 
inserted Ty element in ADR3 C mutants (2). In fact, the insertion of a solo 
6 sequence at various sites causes diminution and complete deficiency of the 
gene product. These results, together with the CYC7-H2 and other ROAM 
mutations, lead us to suggest that the overproduction in the CYC7-H3 mutant 
may also be due to transcription away from the CYC 7 gene on the abnormal DNA 
sequence. The hypothetical transcript should not, however, be diminished in 
MATa/MATa cells. A more complete analysis of the abnormal DNA region in the 
CYC7-H3 mutant and an analysis of the corresponding transcripts may reveal 
whether or not there is a similar mode of action between overproduction in the 
CYC7-H2 and CYC7-H3 mutants. 

The second class of mutations includes alterations at four unlinked loci 
which cause Increases of 3 to 7 fold 1n 1so-2-cytochrome c production. While 
it is possible that one or more of these mutations is witKin the gene of a 
specific regulator of i so- 2 -cytochrome c_ production, the pleioiropic nature 
of two of them ( eye 8 and cyc9 ) suggests that this may not be the case. In 
fact, the extreme pleiotropy of the eye 9 mutant suggests that it slays a 
fairly nonspecific, though important role 1n determining levels of gene 
transcription. It Is tempting to speculate that the recessive mutations 
destroy or modify components required for normal transcription or for 
chromatin integrity which indirectly modify transcription. 
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13. EXPRESSION, PROCESSING, AND SECRETION OF HETEROLOGOUS 
GENE PRODUCTS BY YEAST 
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Departments of Molecular Biology* and Protein Biochemistry** 
Genentech. Inc., South San Francisco, California 94080 

Rec. Adv. Yeast Mot. Biol. (1982) 1:173-190 

A DNA sequence, capable of transcription starting specificity in 
Saccharomyces cerevisiae (yeast), has been isolated from the 5 '-flanking 
sequence of the yeast 3-phosphoglycerate kinase (PGK) gene by introduction 
of specific restriction sites between this flanking sequence and the 
ATG-translational start. This portable PGK promoter fragment has been used 
to express the genes for both mature and pre-forms (secretion signal 
sequence present) of human interferons. All of the expressed mature forms 
remain in the yeast cell, while the pre-forms are found outside as well as 
inside the cell with some of the interferon activity also present in the 
cell wall. The proportions of interferon secretion vary somewhat depending 
on which interferon gene is expressed and at what stage of cell growth the 
interferon is assayed. One gene product, expressed from the leukocyte A 
(LeIF A) gene containing a hybrid secretion signal derived from LeIF D and 
LeIF A pre-sequences, has been purified from both outside and inside the 
cell. The interferon found free in the medium is mostly properly processed 
LeIF A by amino-terminal analysis, while another form containing 3 
additional amino acids of pre-sequence is also present. The interferon 
>jrified from the cell is also all processed; however, three forms are 
present with proportions that are different from extracellular forms. 

;'.*^O0UCTION 

We have previously described a plasmid which is capable of expression in 
yeast of the mammalian gene product, human leukocyte interferon (1,22). The 
expression of this heterologous gene in yeast was obtained by the proper 
insertion of the structural gene between two yeast derived sequences in a 
plasmid capable of replication and selection in both yeast and £. col i . The 
S'-flanking DNA sequence (promoter fragment) used to obtain Transcription 
was derived from the S'-flanking sequence of the yeast alcohol dehydrogenase 
I (ADH1) gene and the 3'-flanking sequence (transcription terminator) was 
the 3*-end of the TRP1 gene (31,33) from yeast. The structural gene was a 
- :'fied .:C\'A iy replacing the 23-amino acid signal peptide sequence 

an -T-j-tr z -v; . a n on a 1 initiation coaon precedeo oy an EcoRI linker 
■"' . 3ray an 3 D..j. , unpuDiisned results). 

The ADHl promoter fragments used for initiation of transcription were 

.■-_■! ;s:.cr^ -y 6aJ3i exonuclease digestions from a restr ictioa~si te within the 
£:■--;-:.-: pece through the ATG translation start, followed by the 
ij^ic.u; an Ico Rl linker at the 3'-enas of fragments of various lengths. 
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We describe here the construction of a new yeast promoter fragment from 
another highly expressed yeast gene; that is the gene for 3-phosphoglycerate 
kinase. The gene that codes for this enzyme in Saccharomyces cerevisiae has 
been isolated, described, and characterized (ZTJI Furthermore, evidence 
suggests that there is a single copy of this gene per haploid cell that is 
responsible for the high expression (20). We have obtained additional 
evidence that the gene isolated above is that for 3-phosphoglycerate kinase; 
in that the DNA sequence shows an amino acid sequence homologous with human 
(23) and horse (3) PGKs. We here describe a portion of the OKA sequence 
from this gene and how this sequence information was used to add specific 
restriction sites, so that this promoter fragment can be used as a portable 
restriction fragment for the construction of plasmids to express 
heterologous gene products in yeast. 

Using the PGK promoter fragment in a 2 u m origin-based (7) plasmid, we 
have expressed the cONA genes for both mature and pre-interf erons. 
Pre-interferon genes code for mature interferons as well as the natural 
human amino acid sequences which signal secretion of these proteins from the 
human cell and which are cleaved during this process to give mature 
interferons (13). Mature interferon genes have been constructed in vitro 
from cONA sequences by removal of the signal coding DNA sequence and 
replacement of this sequence with an AT6 translational start preceded by a 
restriction site (15). Expressing such a modified gene in E. coli (15) or 
yeast (22) results in the formation of mature interferon actTvity~wlthin the 
cell without secretion. However, we now report that when the human 
secretion signal sequences are not removed but expressed using the PGK 
promoter, interferons are secreted into the yeast cell wall and into the 
medium. Although this process varies in efficiency from one interferon gene 
to another, it is a true secretion process; that is, it is not the result of 
partial cell lysis. One of the pre-interferon gene products (LeIF A 
activity) has been purified from both cell extract and medium. The 
interferon protein from the medium is composed of two forms. The major form 
(60-70 percent) is properly processed mature LeIF A, identical to the mature 
interferon that results after secretion from human cells. This demonstrates 
that the low eukaryote yeast is capable of recognizing and processing the 
secretion signal of the hicfiest eukaryotic organism. Another form (30-40 
percent), having 3 extra amino acids of pre-sequence at the amino terminus 
suggests that yeast does not process the protein with perfect fidelity. The 
nature of the interferon remaining inside the cell is even more complex 
since three forms are present. This variation in processing may be related 
to the efficiency of secretion to the outside of the cell. 

MATERIALS AMD >€THOOS 

Strains and Media 

E. col i K-12 strain 294 (2) was used for all bacterial transformations. 
Yeast strains 20B-12 (a trpl pep4-3 ) (24) and GM3C-2 (a, leu2-3 1eu2-112 
trpl-1 his4-519 cycl-1 cypJ-T J (12) w?re used. 

Luria broth was as described oy Miller (2?) with the adai^c ;f 20 
ug/ml ampicillin. Yeast wore grown on tne following media: YEP* c^c^oeo 
1 percent yeast extract, 2 percent peptone and 2 percent glucose. YNB+CAA 
(used for Trp + selection) contained 6.7 grams. ..^of yeast nitr;c=* jise 
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(without amino acids) (YNB) (D1fco), 10 mg of adenine, 10 mg of uracil, 5 
grams Difco casamino acids (CAA), and 20 grams glucose per liter. Solid 
medium contained 3 percent agar. 

Plasmid DNA Preparation, Transformations, and Stabilities 

Purification of covalently closed circular plasmid ON As from E. coli (9) 
and transformation of E. coli (8) were done in accordance with previously 
described procedures. T. col 1 mini screens were as described by Birmboim and 
Doly (5). Transformation of yeast was done essentially as previously 
described (19). Stability of plasmids in yeast was determined by replica 
plating colonies from YEPO (nonselective) to YNB+CAA (selective) media. 

Extract Preparation and Interferon Assays 

Extracts and media from yeast were assayed for interferon by comparison 
with interferon standards using the cytopathic effect (CPE) inhibition assay 
(30). Media were assayed directly after cell removal while yeast extracts 
ware prepared as follows: Cultures were grown in YNB+CAA and 10 ml aliquots 
of cells were collected by centrifugation then resuspended in 3 ml of 1.2 M 
sorbitol, 10 nrt KHgPO^ (pH 6.8) and 1 percent zymo lyase 60,000 followed 
by incubation at 30 C for 30 min (to 90 percent spheropl astinq) . 
Spheroplasts were pelleted at 3000 xg for 10 min., then resuspended in 150 
ul of 7M guanidine hydrochloride (GHC1). Extracts were diluted in PBS/BSA 
buffer (20 mM NaH2P04 (pH 7.4), 150 mM MaCl, and 0.5 percent BSA). 
Alternatively, 10 ml of cells at the same Afi60 were pelleted and 
resuspended in 0.4 ml of 7M GHC1 in an Eppendorf (T.5 ml) tube containing 
about 0.4 ml of glass beads (0.45 to 0.5 run, B. Braun Melsurgen AG). These 
tubes were vortexed twice for 2 min at the highest vortex setting, keeping 
on ice in between. The extracts were centrifuged 0.5 min in an Eppendorf 
centrifuge and diluted in PBS/BSA buffer as above. Bioassays were performed 
with MOBK cells (30) for LeIF A, LeIF D, and the pre-fonns, but with HeLa 
cells (30) for IFN-y and preIFN-7 . 

Purification of (pre D/A) LeIF A from the Medium and Cell Extract 

Yeast strain YEplPT-preLelF A53t/20B-12 was grown at 30 - C to A55.J of 
4. At this time the 5 liter culture was harvested by centrifugation. Ten 
milliliter aliquots were withdrawn periodically during the fermentation to 
measure optical density, interferon production, and secretion. The medium 
and cells were assayed as described above. 

The medium was concentrated and diafiltered in an Ami coo thin channel 
apparatus or a 2.5 liter stirred cell. The retentate was further purified 
by ion exchange chromatography on CM-52 followed by immunoaf f inity col iron 
chromatography as described for LeIF A (29). The peak of activity was 
lyophilized and the residue redissolved in 0.1 percent trifluoroacetic acid 
(TFA), pH 2.5. The sample was then further purified by high pressure liquid 
chromatography (HPLC) on a Syncnrec^ column. The column wci r'-:aa at 

a flow rate of 1 ml per minute wr.r. a "linear gradient of 0 to IJC z^cent 
acetoni trile, 0.1 percent TFA, pri Z.5 in 60 -mutes. The protei- " : . the 
peak fractions containing interferon activity was then sequenced at tne 
amino terminal end. 
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The cells harvested above for medium isolation were disrupted in a Bead 
Beater (Biospec Products), The lysate was centrifuged, the pellet washed, 
and the supernatants combined. Tne super natants were dialyzed and the 
interferon purified as described above for medium material. A portion of 
the interferon was further purified by HPLC with a linear gradient of 0 to 
100 percent acetoni trile. The protein from fractions containing interferon 
activity was then sequenced at the amino terminal end. 

Protein Sequence Analysis 

Sequence analysis was based on the Edman degradation (10). The sample 
was introduced into the cup of a Beckman 890B spinning cup sequencer. 
Pol>brene™ (1 ,5-dimethyl-l ,5-diazaundecamethylene polymethobromide) was 
used as a carrier in the cup (32). The sequencer was modified with a cold 
trap and some program changes to reduce background peaks. The reagents were 
Beckman's sequence grade 0.1 molar Quadrol buffer, phenyl isothiocyanate, and 
heptaf 1 uorabutyric acid. 

A modification also included automatic conversion of the 
2-ani 1 ino-5-thiazol inone derivatives as they were extracted from the 
sequencer. The 1-chlorobutane was collected in a Pierce React i-Vial™ and 
dried under nitrogen. Then 25 percent # TFA in water was added to the 

2- ani 1 ino-5-thiazol inone and heated to 70 # C for 10 min to convert it into 
the 3-phenyl-2-thiohydantoin (PTH derivative) (35). The PTH-ami no-acid 
residue was then automatically dissolved in 50 percent acetoni trile and 
water and injected into a reverse-phase high-pressure liquid chromatograph. 
Each PTH-amino acid was then identified by comparison to the retention times 
of a standard mixture of PTH-amino acids. 

RESULTS 

Identification of PGK S'-flanking DNA Sequence 

Fig. 1 illustrates a partial restriction map of a cloned 3.1 kbp Hind i II 
fragment from chromosome III of yeast, which contains the gene for yeast 

3- phospnoglycerate kinase (20,21). We have determined the exact location of 
the structural gene by DNA sequencing from the Pvu l site to the Hind lll 
site. The relevant portion of the sequence is shown in Fig. 1 as an insert 
between the Sau3 A through the ATG translational start and 8 amino acids of 
additional coding sequence. This is thought to be the start of the 
structural gene due to the length of the open reading frame (consistent with 
polypeptide size), the DNA sequence 5* to the ATG, and extensive homology of 
protein sequence between yeast PGK and human (23) or horse (3) sequence. 

Construction of a PGK Promotor Fragment 

Having identified the start of the structural gene, a design was 
required for the isolation of a promoter fragment (S'-flanking sequence of 

tne ^e:> on a specific restriction fragment for expression of fused 

n^ter;: jq:vs jenes (portaole promoter fragment). This was done for the 
i;c jn.:^ oen/o^ jgenase I (ADHI) gene by 3a 131 digestion through tne ATG into 
tne 5 '-fianiung sequence followed Dy tne addition of an EcoRI linker (22). 
Since deletion of up to 32 base pairs of S'-flanking sequence adjacent to 
u.e - j nao no gross effects on the expression of a heterologous gene 
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THE INSERTION OF AN EcoRI SITE IN THE 5' FLANKING DNA 
OF THE 3-PHOSPHOGLYCERATE GENE OF YEAST 
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Fig. 1. Partial restriction and sequence map of the PGK gene. The PGK 
structural gene is shown as a bar region in the partial restriction map 
of a 3.1 kbp Hind i II fragment. Note that distances are not drawn to 
scale; however, distances of fragments relevant to the discussed 
constructions are designated. The inserted 5' to 3* sequence (left to 
right) is from r^c £ ice v^:.:^ 'i v^ino aeics of coding sequence. 

Tne underlined seg-j= T~- ;g .r.o<e a comp sementary oligonucleotide 

for the primer re pa 1 - -*-_-: ; T . ■: -:xeo : n amino acias are identical to 
amino acids in the ami no-terminal end of horse and human PGKs. 
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(leukocyte interferon D), Bal3 1 digestions were not used for construction of 
the PGK promoter fragment. 

Instead, we used the primer repair technique described by Goeddel et al. 
(14). An oligonucleotide (12 nucleotides long) was synthesized whfcfiTs 
complementary to the -9 through -20 nucleotide sequence of the PGK strand 
shown in the insert of Fig. 1. When such an oligonucleotide is hybridized 
with denatured DNA from this region of the PGK gene in the presence of 
Klenow DNA polymerase I, polymerization occurs 5' -> 3* through the upstream 
Sau3A site while the 3* -> 5 # exonuclease degrades phosphodiester bonds from 
the 3 1 end of the fragment until the double stranded region is reached. By 
cutting tne repair product with Sau3A a small region of the PGK promoter 
fragment can be isolated as a Sau3A to blunt end DNA (-46 to -9) fragment. 
The loss of -8 through -1 of tfie~5' -flanking sequence was thought not to be 
a problem due to the ADH1 promoter fragment results already discussed. 

The PGK fragment which contains a blunt end and a Sau3 A sticky end 
(sequence "a" in Fig. 1) can then be ligated into a plasmid vector 
containing a BamHI sticky end and a filled-in Xba l blunt end. This allows a 
portion of the S'-flanking sequence of the PGK gene to then be isolated from 
this vector as a Sau3A to Xba l restriction fragment. However, since this 
fragment is small and since transcriptional starting efficiency and control 
of yeast genes is sometimes affected by yeast DNA far upstream from the ATG 
translational start (12,17), the plan to make a PGK promoter fragment 
required the reconstruction of 5 '-flanking sequence upstream from the Sau3A 
site to the Hind lll site (thus sequences "b" and "c" in Fig. 1 were affSed 
back to sequence V). During this reconstruction an EcoRI site was also 
added adjacent to the Xbal site so that the 1600 bp promoter fragment can be 
isolated as a Hind lll-ToTXbal or as a Hind lH-to-EcoRI fragment. 

A Yeast Plasmid for Expression of Heterologous Genes 

A plasmid containing the PGK promoter fragment and other necessary 
components is shown in Fig. 2. This plasinid contains a portion of p8R322 
(6) with the ampicillin resistance (Ap R ) gene and the E. col i origin of 
replication for selection and stable growth in E. coli . The plasmid also 
contains the TRP1 gene on an EcoR I to Pstl fragment which originates from 
chromosome IV oT yeast (31,351. This" gene allows for selection and 
maintenance of the plasmid in trpl yeast. The plasmid also contains a yeast 
origin of replication on a 2.0 kbp fragment from endogenous yeast 2 w m 
plasmid DNA (7). This origin allows the DNA to replicate autonomously in 
yeast and be maintained as a plasmid. 

Furthermore, the plasmid system contains the yeast PGK promoter fragment 
which originates transcription near the only EcoR I site in the plasmid (the 
other EcoRI site was removed by standard procedures). A Hind 1 1 1 /Bql 1 1 
fragment from the yeast TRP1 gene region (31,33) of chromosome~TV~ was used 
as a converter of Hind lTT~to Bgl ll for ligation with the BamHI site of 
OBR322. The 2.0 kbp fragment from 2y DNA contains the transcription 
terminat ion/po lyadenylation signals which are normally the signals -or tne 
"Able" gene in 2 y m plasmid (18). Such a region appears to be "essential for 
such a yeast expression system (data not shown) as well as for a natural 
yeast gene (36). Gene inserts as EcoR I fragments in the proper orientation 
can thus be expressed as protein wfieh the vectoiuis put into yeast. Many 
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YEAST EXPRESSION PLASMID 




Fig. 2. Yeast expression plasmid. The partial restriction map of YEplPT 
is shown with components designatec that are required for transcription 
and translation of a heterologous gene inserted at the single EcoRI site. 

heterologous genes have been expressed in this system. Some examples 
besides the interferon genes mentioned here are human serum albumin (26) and 
hepatitis surface antigen (34). 

Interferon Senes 

Fig. 3 illustrates some EcoRI fragment constructions containing 
interferon cDNAs that were usecTTn the YEplPT expression plasmid. The 
details of these constructions will only briefly be discussed here. The 
modifications involved in the construction of mature LeIF 0 (22), LeIF A 

-:/, ana IF N- r (16) have a^— ---n ouolisneo. ^atjre LeIF A required a 
y.3! ticcm f tcation which we -t- :c = s a converter. Tnis 245 bp UNA' 
~r;-g-ent *as obtained from ve.r \ :^t. c':-c.r : id DNA (18) and due to its 
location was thought to be aevo:u of transcripion terminators. However, 
recent data have shown that there is a terminator on this fragment which 
functions as well as the "Ad *> e " :e-"^na:;-. ^re- interferon Spends were 
inverted to EcoRI by the pnr.e- - r :- : - c-:;. ;„ r or by conversion of a 

convenient restriction sites. 
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Expression and Secretion of Interferons 



The genes shown in Fig. 3 were inserted into YEplPT (Fig. 2), and yeast 
were transformed with these plasmids. Transformants were assayed for 
interferon using the cytophathic effect bioassay (30). Interferon assays 
were done on three distinct compartmental locations in the yeast culture. 
The results of such assays are shown in Table 1. 
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The first compartment is inside the cell* This fraction is measured by 
making a cell extract after the cell wall is removed and is defined as 
interferon activity that is not secreted. The other two compartments are 
the medium (material completely separate from yeast cell) and the activity 
released from the cells after cell wall removal using zymolyase. Both the 
medium fraction and fraction released after cell wall removal represent the 
total secreted material. Alternatively when cell walls were not removed 
(see Methods), "inside cell" activity also includes the secreted activity 
present in the cell wall. 

It should be noted that (pre D/A) LeIF A is a mature LeIF A gene with a 
hybrid signal peptide sequence (see Figs, 3 and 4), This construction was 
made using the Odel restriction site common to both preLelF D and 
prelelF A. Fig. 4~sFows this Odel site at amino acid -10, The underlined 
amino acids represent differences between the amino acid sequence of 
preLelF 0 and preLelF A. The hybrid (pre D/A) LeIF A is more like preD than 
preA. Both mature LeIF A and LeIF 0 genes (constructions I and III) were 
expressed in the yeast as 1.0 percent of the total cellular protein. The 
wrong orientations of all genes inserted into YEplPT did not express 
interferon activity. For these two mature genes as well as the mature IFN-y 
gene, no secretion occurred. However, when presequences were used on these 
genes, all three protein products were found in the media as secreted 
products. 

As shown in Table* 1, levels of interferon secretion vary from one gene 
to another with irranune interferon giving the highest level of secretion. 
Secretion into the medium of this interferon varies from 10-21 percent; 
however, another 10-21 percent may be in the cell wall (not determined). By 
comparison of the production of interferon for constructions VI and VII, it 
is interesting that yeast tolerates 50 bp of prelFN-y 5'-flanking cDNA 
sequence; even thougn such an intrusion between the yeast promoter and 
structural gene results in about a 5-fold decrease in expression. Pre 
LeIF 0 and (pre D/A) LeIF A secrete from 3-5 percent into the cell wall and 
medium combined at an A§60 = W however, when (pre D/A) LeIF A/20B-12 was 
grown to A550 of 3-4, 8 percent secretion into the medium was observed. 
Although the percent in the cell wall was not determined at this higher 
A560, as much as 16 percent of the activity was probably secreted. 

Growth Curve and Interferon Production in th e Medium from a Yeast Containing 
the (pre D/A) LeIF A"5ene : ; * 

Two interferon-producing yeast were investigated by further 
characterization. These were YEplPT-preLelF A53t/20B-12 and 

YEplPT-LelF A1/20B-12. The former contains two copies oF construction IV 
(Fig. 3) in the EcoR I site of YEplPT and results in activity being inside 
the cell, in the cell wall, and outside the cell (medium). This two copy 
gene (in tandem - both in orientation for proper expression) containing 
plasmid was used instead of the single copy construction since it sometimes 
gave higner levels 1 r ir^rf ercn activity in tne "el" However, rsore 

careful comparisons na.e :n:*n :n ■. s not to be the express ac-CLt 

the same). Furthermore , tne transcript stops at t;c.- e^j j* tne first 
structural gene in tne converter as previously aiscusseo. Yeast strain 
20B-12 was used since it has greatly reduced protease levels (24), whicn 
might be an advantage for ootaining undegraded protein in-,erfer:^ ->om the 
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medium. The latter yeast contain construction III (Fig. 3) in YEplPT and 
express mature LeIF A inside the cell but do not secrete. 

Fig. 5 illustrates an essentially identical growth curve for these two 
yeast strains in YNB+CAA (Trp + selective growth). Bioassays, done on the 
medium at various times during cell growth, demonstrate clearly that the 
pre-sequence on LeIF A is causing a release of interferon activity into the 
media. Without this pre-sequence essentially no activity is released. This 
has also been confirmed by "Western- gel analysis (11) of proteins from 
concentrated media. Labelled antibody reacts only with a LeIF A size 
protein in medium from a pre-LelF A expressor and not from a mature LeIF A 
expressor (data not shown). It is also evident that levels of activity in 
the medium reach a maximum near stationary phase. 

One possible explanation for this apparent secretion process is that the 
pre-sequence of interferon somehow makes the cells more susceptible to lysis 
during cell growth. This possibility was carefully examined by measuring 
levels of protein in the media at stationary phase. Both yeast media 
contained essentially identical concentrations of protein which showed 
identical patterns on SDS-gel electrophoresis. Thus a true secretion 
process must be occurring. 

Purification of (pre D/A) LeIFA from the Medium and Cells 

In order to determine the nature of the secretion process for (pre D/A) 
LeIF A into yeast medium, it was necessary to purify the protein product 
from the medium and cells separately. Since yeast are able to secrete this 
protein, processing of the amino-terminal end may occur in some manner 
during the process as occurs in mammalian cells. The object of further 
experiments was to determine the nature of this processing. 

Cell extracts and media were obtained from 5 1 fermentations and the 
cellular interferon was purified as described in Methods. It should be 
noted that cell extracts also contain cell wall secreted material since the 
cell wall was not removed prior to extract preparation. The medium 
interferon was first concentrated by diaf i 1 tration, purified by CM-52 ion 
exchange chromatography, followed by the last two steps for cellular 
interferon purification. 

NH 2 -terminal Seq uence of (pre D/A) LeIF A Purified from Yeast Medium and 

eel Is ~ 

Fig. 6 shows the results of sequencing the purified interferon. The 
sequence shown is that expected for (pre D/A) LeIF A if no processing 
occurs. The normal cleavage point of this interferon that is recognized by 
mammalian cells is shown. Two sequence runs were performed on two different 
purified samples from cells and media. 

The protein sequence was interpreted by noting which PTH amino acid 
increasea -n each corresponding Edman cycle and then decreased in trie 
following cycle. PTH amino acids that normally give low recoveries (cys, 
ser thr, arg, nis) were assumed when no increase in any other PTH amino 
acid was seen. The percentage of each form was estimated by comparing the 
areas of the interpreted residue with area from -^standard mixture of PTH 
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irowtn curve sno*:nq secretion into the medium. YEpIPT-LelF 
-\L~;ojo-i2 (4,0) expresses mature interferon which remains within the 
clii; wnile YEpIr'T-lelr Ac (4,0) expresses tne pre-sequence 
containing gene and produces interferon activity in the medium. 
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amino acids run on the same HPLC. Most of the forms were sequenced for 21 
cycles or much further into mature LeIF A sequence than shown. An internal 
standard of Nor-Leucine was introduced in each chromatogram to assure that 
retention times were reproducible. 

Figure 6 shows that most of the interferon in the medium was properly 
processed (64 percent) as done by human cells (13); however, another form 
(36 percent) containing three additional amino acids of pre-sequence was 
also present. The cellular interferon also contained these two forms, but 
in slightly different proportions, as well as a third form containing 8 
amino acids of pre-sequence that was not detected in the medium. In no 
sequencing experiment was a full length pre-sequence ever seen suggesting 
that yeast process all of the pre-interferon in some manner. It is possible 
that sorting is a problem and that transport into. other organelles occurs. 
Examination of the cellular location of these forms in the yeast cell versus 
the expressed mature form should give some insight into this possibility. 

DISCUSSION 

Using the isolated PGK gene (21), we have again demonstrated that the 
5'-f Tanking DNA sequence of a hignly expressed gene from yeast can be 
isolated and used as a portable restriction fragment for the expression of 
heterologous gene products in yeast. Careful comparisons of this promoter 
fragment and an ADH1 promoter fragment (fragment no. 906, 22) have shown 
essentially identical expression levels of leukocyte interferon D (data not 
shown). 

In previous experiments, we suggested the need for a yeast 3'-flanking 
sequence for termination of transcription (22). By the size of the 
transcripts, it appeared that the mRNA of the hybrid expression unit, 
S'-ADHl promoter-LelF 0 -TRP1- 3', was terminating in the yeast TRP1 gene 
terminator. Indeed further experiments demonstrate the need for this signal 
with little or no expression occurring if such a signal is not present 
adjacent to the gene (data not shown). Use of such a hybrid expression 
system should allow further insights into terminator function, factors 
involved in mRNA synthesis and stability, nftNA translatability, and possible 
implications of codon usage (4) on expression of heterologous genes. 

Using a plasmid containing the PGK-derived hybrid expression system, we 
have demonstrated the expression of both mature and pre-forms of human 
interferon cDNAs. The mature forms lack the secretion signal sequences and 
produce interferon within the yeast cell. The pre-forms contain the 
secretion signal coding sequences and produce interferon activities both 
inside and outside the cell. The secreted interferons were found both in 
the cell wall and unattached to the cell in the medium. The interferon, 
from yeast expressing the (pre D/A) LeIF A cONA, was purified from cells 
(containing both intracellular and cell wall secreted material) and from 
medium. Two forms of interferon were found in the medium (10 percent of the 
; interferon.. . one properly processed (+1, Fig. 6) and the otner 
Z' ir aaci tional dim no acids of pre-sequence (-3, Fig. '6). The second 

rcr: : r, z/ ze ce-no^s tr a t : ng a difference in yeas: versus human cell processing 
recognition or it may oe the result of the hyorid signal sequence. Further 
purification and sequencing of pre LeIF 0 should address this possibility. 
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It might also be possible that human cells make some of this -3 form that 
has not been noticed in interferon preparations. 

Three forms of interferon were isolated from cells representing 
90 percent of the expressed interferon. One form (33 percent) was properly 
processed (+1, Fig. 6), a second form (55 percent) contained 3 additional 
amino acids (-3, Fig. 6), and a third form (11 percent) contained 8 
additional amino acids (-8). The last form was not seen in medium and a 
full length pre-sequence was never observed. However, it is possible that 
this peptide lacks interferon activity and thus was lost during 
purification. Therefore yeast appear to process both the secreted and 
nonsecreted interferon. The reason for only 10-20 percent secretion (20 
percent if cell wall bound material included) instead of higher secretion 
levels may be due to a sorting problem associated with the heterologous 
signal. Interferon may be going into various organelles instead of through 
the plasma membrane. To examine this, we plan to compare cellular locations 
of interferon from both mature and pre-interf eron producing yeast. 

It would also be interesting to see if the interferons are secreted by 
yeast using the exocrine-1 ike pathway which has been defined in yeast by sec 
mutants (28). Unlike other enzymes secreted by this pathway, the mature 
leukocyte interferons lack N-glycosylation and are probably not glycosylated 
when secreted by yeast. The effect of tunicamycin, which inhibits acid 
phosphatase and invertase secretion (25), would also be of interest. 
Perhaps a new secretion pathway might be defined by leukocyte interferon 
secretion from yeast. 
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Recombination of a plasmid with the yeast genome after transformation is 
stimulated ty introducing a double-strand break in the plasmid molecule within 
a DNA fragment that is homologous to the chromosome. Transformation with a 
plasmid containing two double-strand breaks (a gap) within a single yeast DN& 
fragment results in a recombination event in which the gap is repaired using 
chromosomal information as the template. We have shown that gapped plasmids 
that contain an autonomous replicating sequence are also repaired and either a 
replicating or integrated plasmid is produced. We propose a model based on 
these observations that explains the repair of double-strand breaks and that 
postulates that double-strand breaks are important initiators of genetic 
recombination in yeast, 

IOTRODUCTION 

TVie process of homologous genetic recombination requires 1) synapsis, 2) 
strand exchange and 3) resolution- We are using DNA transformation of yeast 
cells as a model system to study the various processes involved in 
recombination (9). The ability to experimentally manipulate plasmid DMA. 
facilitates these studies. We have examined the interactions of both 
replicating and non- replicating plasmids with homologous chromosomal 
sequences. Non-replicating circular plasmids require integration into the 
chromosome to be stably inherited and the plasmids integrate by homologous 
recombination into the genome (3,10). In about one-third of the 
transformants, yeast sequences, on the plasmid are substituted for the 
chromosomal sequences without integration of the entire plasmid (3). This 
class is functionally a gene conversion event. Replicating plasmids are 
maintained exogenous ly and consequently show an unstable phenotype for 
selectable markers on the plasmid. 

We have prev ious ly shown that c i rcular plasmids 1 inear i zed by a 

restriction enzyme cleavage within a yeast sequence recombine into the 
hor.elogcus r«g..:n of the ge::cme (9). Trie double-strand break produced by the 
restriction er.zyme cleavage stimulates recombination between 10- and 100O 
foid over that found for circular integrating plasmids. We have also shown 
that a gap (two double-strand breaks) within a yeast segment is repaired using 
chromosomal sequences, and the resultant integrated plajsaicL-is flanked by two 
complete direct repeats of the target sequence. These observations have led 
to methodologies for the directed integration of yeast plasmids into desired 
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regions of the genome, for the recovery of chromosomal alLeles, and for 
mapping the position of alleles within cloned segments (10). We propose tliat 
double-strand break repair provides a general model for recombination in fungi. 

RESULTS 

Circular molecules integrate by homology * Integrations into the yeast 
genome occur by homologous recombination. The plasmid pWJ12 contains a. 1.8kb 
EcoRI - BamH I fragment from the sup 3+ region of chromosome XV as well as a 
1.7kb BamH I fragment of the HIS 3+ region from the other side of the centromere 
on chromosome XV (Figure 1). After transformation of 10 8 cells with lOug of 
- DNA we observed 16 HIS 3+ transformants. Colonies with integrated plasmid were 
detected by standard yeast filter colony hybridization using bacterial plasmid 
sequences as a probe (3). HIS 3+ colonies that failed to hybridize with the 
probe presumably became HIS 3+ by a gene conversion event. These colonies (4 
of the 16) were not further analyzed. Southern blot analysis (14) was 
performed after isolating CNA from twelve transformants to determine the site 
of plasmid integration. Integration into either the sup 3 or the HIS 3 region 
produced a characteristic restriction fragment after digestion of the genomic 
ENA with the restriction enzyme Sail (see Figure 1). The fragments were 
detected by hybridization of genomic blots with labeled plasmid as a probe. 
Of 12 transformants examined, 4 contained the plasmid integrated at the HIS 3 
region and 8 at the sup 3 region (Figure 2). The larger number of integrations 
into the sup3 region reflects an as yet undetermined but reproducible property 
of the sup3 region. 

Double-strand breaks stimulate recombination . The enzyme, Xho l, creates a 
double-strand break outside the coding sequence of the HIS 3+ gene but within 
the HIS 3+ fragment. After transformation with lOug of Xho l -cut plasmid DtiA 
140 transformants/10 8 cells were detected. Approximately 90% contained 
pBR322 sequences and 12 were analyzed by Southern blots. The appearance of a 
genomic 24kb Sail fragment in each transformant after probing with radioactive 
pBR322 sequences indicated that the plasmid had integrated into the HIS 3 
region (data not shown). The creation of the double-strand break both 
stimulated recombination (10- fold more than circles in this example) as well 
as directed integrations to the HIS 3 region. 

Gapped molecules are repai red . The ;-l:i.;riJ pWJ12 was digested with Sma l 
to create a 1200bp gap within the sup 3+ region. Forty-three transformants 
were recovered after transforming with lOug of DNA/10° cells- The 3-fold 
stimulation of transformation is low presumably due to the small amount of 
homology left near the border of the sup3 + ONA and pBR322 sequences (170tp). 
All transformants that contained plasmid sequences were integrated at the sup 3 
region as demonstrated by Southern blots. The gap was repaired and the sup 3 
regions flanking the plasmid sequence were both full length. We )iave 
previously sl>cwn that chromosomal information was used as template for the gap 
repair (10). 

We ::ruc;^i a plasmid that ccr.z ■_ . ': HI 32 — r : . \ well the 2kb 
Sal I - -C'n: 1 - g c- r.e and t he au t .; : vi ~* . -.- ; " L : c a - _ : .-. r.c e iirsl . The 

plasruci v.^:- r«-ce by creatine : : 1- 1 ; . • . the two 3c 1 I : 

sites within the H1S 3-*- gene. Therefore, uigesciut'; /. ; :h x ll generates a 60bp 
gap. When yeast is transformed with 3gl 1 1 -cut pSISIi and selection is made 
for HIS2-, trans fcrmants arise cr.lv . : -j -. := repaired from the 
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Sm 




Figure 1, Integration of into the yeast genome. The 7,4kb plasmid, 

□WJ12, contains DMA homologous to the two yeast regions HIS 3 and sup3 (shown 

to t > \e r i c h t ) c lonec : n pBR3 2 2 . HIS 3+ t rans f ormant s can i r ; 3 : n t h ree way s : 
(A) gene conversion of HIS 3+ information from pWJ12 into t'/.e ^enc~e v.-.thout 
integration of the vector sequences, (B) integration of ?v,J!2 by a single 
crossover at his 3~ or (C) integration of pUJ12 by a single crossover at 
sup 3. Restriction sites Sai l, Sma l and Xho l are designated as S, Sm and X 
respectively. -** 
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Figure 2. Genomic blot of pUJ12 transformants. EtiA was isolated from 12 
strains that had been transformed with circular plasmid DNA from pWJ12. 
Approximately 0.5ug of total genomic DNA was digested with the restriction 
enzyme Sai l and elect rophoresed for 16 hours in a 0.7% agarose gel at 75 volts 
in tris borate buffer as described previously (12) . The DNA was blotted and 
hybr id i zed with r : . y * -t : _ . e : ■*: 7C 12 (12;. Lane a s hows the pos i t i cr. 

.: i linear pl»Ji2 _ . ^" -- . : . :;2asr.;d r^s intecr-iiej at sup i i:t 

rains represent e : . . ( :, r) ", : and 1 as indicate; by the 9.2 kb 

band. Integrations at ruij are indicated by the 24 kb band { lanes d,i,k and 
m) . The presence cf the- adcit:.\-.al band at 7.4 kb in lanes d,f and j is 
indicative of mult;: .™ --rsticrts (9). 
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chromosomal HIS 3 region. Re-ligation of the gapped plasmid would result in a 
his3~ transformant (Figure 3A) . After transformation with Bgl ll-cut linear 
molecules, both stable and unstable transformants are observed at 
approximately equal frequency. The stable transformants contain the repaired 
plasmid integrated at the H1S3 region (Figure 3B). The H1S3+ transformants 
exhibiting the unstable phenotype are due to molecules that interacted with 
the chromosome and repaired the gap without subsequent integration (Figure 
3C). The generation of unstable gap-repaired molecules at such a high 
frequency indicates that they are one of the normal products of the molecular 
interaction between the incoming plasmid and the chromosome - the other 
potential product being an integrated plasmid. 

DISCUSSION 

It is clear from our studies that free ENA ends are recombinogenic . The 
properties of gapped plasmid integration demonstrate that an efficient repair 
mechanism exists for resolving these structures. These, results suggest new 
methods for the manipulation of plasmids during yeast transformation (10). We 
propose a mechanism for genetic recombination based on the idea that 
double-strand breaks and their subsequent repair can explain the observed 
fungal data for gene conversion and crossing over. As a detailed model will 
appear in the future, in this communication we briefly outline some aspects of 
this proposal. 

The initial steps in the repair of gapped molecules are presented in 
Figure 4. In this model both ends invade the target double helix in a 
concerted fashion. We imagine that the initial invasive event actually occurs 
at either end of the double-strand gap. After the initial invasion the other 
free end has a high probability of invading its target site due to the close 
proximity of its region of homology. Each invading 3' end primes the repair 
synthesis necessary to fill in the gapped region using the existing 
chromosomal sequence as template. At the end of the replication-repair event, 
the repaired region is flanked by two Holliday structures (4). Theoretically, 
each Holliday structure could be independently resolved to yield two separate 
duplexes that have either crossed over with respect to each other or r.ave 
resolved without a crossover. If each of the two tolliday structures in 
Figure 4 are resolved differently - crossover and non-crossover - the ret 
result is a single crossover and the plasmid integrates. If both are r-^s: ; ve. : 
similarly, no plasmid integration occurs. However, the heteroduplex present 
at the initial site of pairing of the invading strand may result in gene 
conversion. 

We have generalized this view of gapped plasmid integration in a model for 
genetic recombination based on double-strand break repair. In brief, the 
initiation of genetic recombination occurs at or near selected sites and is 
initiated by a double-strand break. The polarity of gene conversion suggests 
the existence of specific initiation sites. Exonucleo lytic degradation 
exposes single strands which invade homologous chromosomal sequences; repair 
synthesis ensues and leads to the .i: l.- . - c ; structures shewn £-.: id 

integration in Figure 4. Earlier -;a-_r= including Sobe 1 _ 

Holliday (5) have postulated such: :—e?. : 2 tes for recombinat icr . -.= 

noteworthy that Leslie Bell and Srev:.-N layers (personal communication, l^avu 
observed DNA structures during meiosis in yeast that are consistant with the 
view that Holliday structures are : r=-..:uenc iv found in.- .-puss seu:: ^- 
300-800 base pairs. 




Figure 3- Transformation with gapped pSZSll. The LEU 2+ ars l his 3" plasmid 
pSZSll contains an approximately 60 base pair deletion within the HIS 3+ DtsE\ 
sequence arid is, therefore, his 3". The LEU 2+ ars l pBR322 portion of the 
plasm id is indicated by the thick solid black line. The plasmid waj 
linearized with Bgl ll and transformed into a his 3" yeast cell. If 
re-ligation of the plasmid occurs, the cell. remains his 3~ due to the 

■ l-riL-rr. ; : v- ~tiA :;c:weer; the two Bul II sites (A). Gap repair and 
• -rz-.-.r. l * . ~- .-i -. : .eJ :;\ -r.e :e:<" ^cur a::d - =tabiy :r.t'.-.::uteu HIS3+ 

. ^rr: ; ■■. : '. : !--.-=.:". i (L). Lastly the plasmid ecu Id interact with the 
. . i ^ ;^;c::, repair ^-p Aithout sulie^uent integration, and 

result in an unstabLe HIS 3+ phenotype due to the repaired autonomously 
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Holliday 
Structure 



Holliday 
Structure 



Figure 4. Model for the repair of a double-strand gap. The thin Lines 
represent chromosomal duplex DKA and the thick lines represent plasmid DNA. 
The dashed lines represent repair synUiesis. The incoming ulasmid DNA is 

3 hewn i n vad ing t he home l ■ :u . ; r. z i ~ r.e chromosome - 7: . . . : - r - : \ — "" 7 - - 

a primer for repair £' : r.: . A:l-_-i repair twe Ho LI.... . . ..it 

cormed. Resolution of the ' . . - y st: .::: jres results . _ .. r 

of the plasmid or a donation or c small portion of plasmic sequences \ueuicteu" 

as a thick line) without the integration of the entire pl-.smiu. 
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After the formation of the two Holliday structures, rotary diffusion (7) 
of the structure may occur. This feature accommodates the doubly heteroduplex 
regions necessary to generate aberrant 4:4s observed in Ascobolus and Sordaria 
(6,11). For yeast, in which there is a paucity of aberrant 4:4s (1), we 
postuLate that such rotary diffusion cannot occur. The generation of 6:2 and 
2:6 tetrads is postulated to occur by the repair of a gapped region. 5:3 -and 
3:5 segregations are accomodated by failure to repair the heteroduplex region 
created by strand invasion. There are two notable features of our model that 
fit with observations of conversion in yeast tetrad data. One is that the 6:2 
and 2:6 tetrads, which rarely favor one parent versus the other (1), can arise 
wlKJlly from degradation of either chromatid and the subsequent repair of the 
duplex. This event does not require non-random mismatch correction as implied 
in otiier models (8) . Secondly, when Fogel and his co-workers examined 
post-meiotic segregations at the arg4 locus, they found that the associated 
crossover could occur on either side of the conversion event (1 ) . The 
double-strand break repair model postulates the existence of two Holliday 
structures and thus accomodate this observation. 

The features of the double-strand break repair model for recombination 
also make it an attractive model for HO-initiated mating type interconversion 
(2). The mating type system, however, puts an additional constraint on the 
crossover outcome - there can be no (or extremely rare) exchanges since this 
would cause lethal deletions of part of chromosome III. 
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Plasmids that complement the rad50-l , rad^l'-l , raco4-3 and rad5!>-3 
mutations in yeast, have been isolatea. They were obtained by trans forming 
strains, carrying the leu2-l 12 leu2-3 alleles ana tne particular rad mutation, 
with Y£pl3 plasmids containing near random yeast UNA inserts. Rad + clones 
were identified among the Leu* trans formants . Integration by targeting into 
the RAD55 locus showed that the rad55-3 complementing plasmid contained the 
actual RAD55 gene. BamH I fragments from each of the plasmids that complement 
rad50-l , rad5 1-1 and rad54-3 , all of which lacked Rad* activity, were sub- 
cloned into the integrating plasmid YIp5 and the hybrid plasmids were used to 
transform a Rad* Ura" strain to Ura + . By genetic mapping, the rad5 1 and 
rad54 subclones were shown to integrate at their respective loci. However, the 
rad50 subclones integrated at a site unlinked to the RAD50 locus. This 
suggests that no homology exists between this BamH I fragment and the RAD50 
gene. Integration at the RAD54 locus of the rad54 subclone made the host cell 
Ura + but Rad~ ; excision of the plasmid was shown to be X-ray inducible and 
to restore the Ura" Rad* phenotype. These results indicate that the BamHI 
fragment of the RAD54 plasmid is internal to the RAD54 gene* We can conclude 
also that the RAD54 gene is not essential as cells bearing a disrupted copy of 
this gene are able to survive. 

Additionally, a plasmid carrying an amber suppressor has been isolated and 
character ized . 
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INTRODUCTION 

The ability to repair DMA that has been damaged seems to be an important 
characteristic, common to all living organisms. Damage can arise spontaneously 
or can be induced by both physical and chemical agents; repair of the damage 
can be accomplished through different pathways, depending on, for example, the 
kind of damage or the physiological state of the cell. 

In the yeast Saccharomyces cerevisiae evidence for the repair of 
potentially lethal damage has been provided by the isolation of a large number 
of mutant strains that are more sensitive than the wild type to the lethal 
effects of various mutagens, such as ultraviolet light, X-rays and methyl- 
methane-sulfonate (see (10), (14) and (15) for recent reviews). These mutants 
fall into more than 50 different complementation groups: one of them is known 
to define a photoreact ivation gene (19); the rest are thought to be involved 
in dark repair. The fact that so many genes participate in dark repair implies 
that these processes are under extensive genetic control in yeast. Studies 
with double mutants revealed that these genes can be classified into three 
epistatic groups (4,9) which are believed to represent three different repair 
pathways: 1) Excision repair, carried out by the genes in the RAD1 group; 

2) error prone repair, controlled by genes in the RAD6 group; and 

3) re combinational repair, controlled by the genes in the RAD52 group. This 
last group of genes seems to be involved in several cellular processes as 
demonstrated by the fact that their mutants have complex phenotypes; not only 
are they defective in repair, but also they exhibit abnormalities in mitosis, 
meiosis, recombination and homothallic switching. However, very little is 
known about the function of these genes at the molecular level. 

We have chosen to isolate these genes by cloning them into replicative 
plasmids, followed by iri vivo and in vitro characterization. By such studies, 
we hope to determine if these genes are essential for the vegetative life of 
the yeast cell, how they are regulated and what are their products. 

In this paper we describe the preliminary steps of these investigations, 
namely the isolation and characterization of plasmids that complement the 
mutations rad50-l , rad5 1-1 , rad54-3 and r ad 55-3 . 

MATERIALS AND METHODS 

Str a ins : The yeast strains used for transformation are listed in Table 1; 
they were constructed by standard techniques of yeast genetics (21). Unless 
otherwise stated, the rest of the strains were obtained from the Yeast Genetic 
Stock Center (University of California, Berkeley). 
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Table L . Trans rormab le s trains used 



Strain 



Genotype 



Source 



XS131-5A MAT a rad50-l Ieu2-U2 leu2-3 ura3-52 trpl-289 his3-Al lysl-l 0. Schild 

XS133-3B MAT a rad51-l leu2-112 leu2-3 ura3-52 trpl-289 his3-Al D . SchiU 

XL4-22C MATa rad54-3 ieu2-112 leu2-3 ura3-52 trpl-289 this work 

XL5-3C MATa rad55-3 leu2-112 leu2-3 ura3-52 trpl-289 his3-Al his5 this work 



The Escherichia coli strains used were: HB101 (3), provided by A. J. 
Clark; JA300 (23), provided by J. Carbon, and DB6507 (a pyrF derivative of 
HB101), provided by D. Botstein. 

Plasmids : YEpl3 (5)is a derivative of the pBR322 plasmid of E. col i that 
also carries the LEU2 gene of S. cerevisiae and a fragment of the yeast 2 
plasmid with its origin of replication. pBR322 confers resistance to 
atnpicillin and tetracycline to the host bacterial cell* 

YRp7 (23) is also a pBR322 derivative, carrying the yeast origin of 
replication ARS1 and the yeast TRP1 gene; it was provided by D. Botstein. 

YIp5 (20) consists of pBR322 and the URA3 gene of yeast. This plasmid does 
not replicate autonomously in yeast but is able to transform it by integration; 
it was provided by D. Botstein. 

Yeast pool 33 DNA was provided by K. Nasmyth; it was constructed in a 
similar way as that described by Nasmyth and Reed (17) but using the vector 
YEpl3 instead of YRp7 . 

Media and Genetic Methods : Growth media and standard genetic procedures 
for yeast have been described elsewhere (21). Tests for auxotrophy were 
carried out in synthetic complete media lacking the particular requirement. 

E. coli growth media have been described before (7). When necessary, 
arapicillin (60 Ug/ml) and/or tetracycline (15 Ug/ml) was added to the media. 

Enzymes : Restriction enzymes and T4 DNA ligase were purchased from New 
England Biolabs and Bethesda Research Laboratories (Rockville, MD) and used as 
directed . 



ions and purifications: Plasmid DNA from yeast was 



c.t^ method described by Nasmyth and Reed (17). 
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Two different Methods were used to extract DNA from E. coli : for quick 
small-scale preps the method of Holmes and Quigley (12) was applied; when large 
quantities of plasmid were required, the procedure described by Birnboim and 
Doiy (1) was used with minor modifications, scaled up to 1 liter cultures. 
Plasmid DNA was then purified by equilibrium density sedimentation in a CsCl- 
ethidium bromide gradient, as described by Davis et al. (7). 

Transformation : Yeast transformation was carried out as described by 
Hinnen et al, (lTT with minor mod if icatons . 

E.* co *-i strains were transformed using the procedure described in Davis 
et al. * (7). 

X-ray Treatment : The X-ray source and treatment used are described in Game 
and Mortimer (9), except that the dose rate used was 237.5 rad/sec and the 
standard dose was 57 Krad. 

Electrophoresis : Electrophoresis was carried out in 1Z agarose slab gels 
according to the method described by Davis et al. (7). Tris-borate buffer was 
used both in the gel and in the chambers. 



RESULTS AND DISCUSSION 

Isolation of plasmids 

The pool 35 DNA was used to transform to Leu 4, the yeast strains listed 
in Table 1. The resulting transf ormants were tested for resistance to X-rays. 
In the case of rad30 , rad51 and rad54 , about 0.1 to 0.2Z of the Leu + tested 
turned out to be Rad*; in the case of rad55 , the proportion was in the order 
of 1Z (Calderon, Contopoulou and Mortimer, manuscript in preparation). If one 
considers that the genome of S. cerevisiae has enough DNA (13,500 Kb, according 
to Lauer et al. (13)) to code for around 10^ genes, and that each of the 
plasmids of pool 35 carries on the average a 5-7 Kb insert (17), one would 
expect to find a particular gene represented at a frequency of about 0.05Z. 
We find no simple explanation for the considerably high frequency obtained in 
the case of rad55 . 

In order to determine to what extent each plasmid restores the radiation 
resistance of the transformants to the wild type condition, haploid and 
homozygous diploid Rad~ strains carrying or lacking the plasmids were 
irradiated with increasing doses of X-rays. The resulting survival curves were 
compared with those of similar ftad* strains. In all cases studied, the 
presence of plasmids improved the resistance of the strains to X-rays, although 
the degree of improvement depended on the particular plasmid studied (Calderon, 
Contopoulou and Mortimer, manuscript in preparation). In no case did the 
degree of resistance exceed that of the wild type; we interpret this to mean 
that once the wild type level of repair has been reached, an excess of RAD 
ger-e pr-.-i-uzz has no influence. 

A zj\~r\ozy?ic characteristic of scr^. zr.e dip'.: id Rad~ strains is poor 

sporulation and/or low viability of spores ^22). In contrast to the 
restoration of X-ray resistance, the presence of the plasmids does not seem to 
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improve these sporulation defects (Calderon, Contopoulou and Mortimer, 
manuscript in preparation). This result might be explained, at least 
partially, by the fact that the plasmida are lost very often during oeiosis: 
only 20-60% of the resulting spores retain them. 



Restriction Maps 

Plasmid DNA was obtained from each yeast strain and used to transform 
E. coli strain HB101 to ampicillin resistance and leucine autotrophy. Plasmid 
DNA was extracted and purified from the transformed clones. The purified DNA 
was then digested with Eco RI and the resulting fragments were separated by 
agarose gel electrophoresis. Those plasmids having the smallest insert (one 
for each RAD gene) were chosen for subsequent studies. Detailed restriction 
maps of each are shown in Figure I. 

In order to demonstrate that the purified plasmids were able to re trans form 
the yeast strains from which they were isolated, and to determine if there was 
any cross complementation, the plasmids illustrated in Figure 1 were used to 
transform each of the Rad~ transformable strains (Table 1) to Leu + . When 
tested for X-ray sensitivity, all were Rad + when the plasmid used carried the 
same putative RAD gene as that mutated in the recipient strains. Conversely, 
all Leu* transf ormants remained Rad~ when the other plasmids were used. 



Integration of Plasmids into the Genome 

Complementation of a mutation by a plasmid may result from plasmids 
carrying the gene in question or another gene capable of "suppressing" either 
genetically or metabolicaily f the mutant phenotype. In the course of this 
investigation we have, in fact, isolated such a suppressor-bearing plasmid (to 
be described later) which complements the rad50-l mutation. It therefore 
became essential to prove the identity of the cloned RAD genes by means of 
homologous integration into the yeast genome. It is commonly accepted that 
integration at a certain locus demonstrates that the plasmid carries that 
particular gene. 

In view of the restriction maps, two different approaches were chosen to 
pursue the integration: 

Integration of the rad55-3 complementing plasmid 

As shown in Figure 1, the plasmid [ YEpl3- RAD55- 13C] has a unique BamH I 
site. According to the observation of Orr-Weaver e£ a_l. (18), cleavage of this 
plasmid at the BamH I site would increase the efficiency of its integration 
within a chromosomal DNA region homologous to the yeast DNA that was cut. 

About 25 g of the plasmid f YEpl3- RAD55 -13C] were digested with BamHI and 

used no :ranstorm the strain XL5-3C (Table 1) to Leu + . Out of 35 
transformap.cs studied, 3 (INT55-U, 1^55-12 and INT55-30) failed to shew = i 
of the Leu* Rad + characters indicating that the plasmid had been 
integrated. Strain 1NT55-11 was then crossed to strain XL39-5A ( MATa rad53-3 
ura3 (and/or i) met8 trpl-289 arolD his3 (and/or 5), constructed by us). 
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The resulting diploids are, therefore, homozygous for rad55-3 and Ieu2-I12 
Ieu2 " 3 but contain an integrated copy of the wild type allele of both of these 
genes. The genes RAD55 and AR01 are located on the right arm of chromosome IV 
and are separated by a distance of 42.9 cM (16). About 60 asci derived from 
this cross were micromanipulated ; only 52Z of the spores were viable. Analysis 
of the asci containing 3 or 4 viable spores revealed that, as expected, both 
leu2 and r *<*55 markers segregated 2+ : 2- and all tetrads were parental 
ditypes; they mapped at a distance of about 40 cM from AR01 (11 parental 
ditypes (PD): I non-parental ditype (NPD): 17 tetratypes (T)). These results 
indicate that the integration has taken place at the RAD55 locus and, 
consequently, that the RAD55 gene is present in plasmid [ YEpl3- RAD55- 13C] . 

Integration of the radSO-1, rad51-l and rad54-3 complementing plasmids 

As shown in Figure 1, each of these plasmids has two BamH I sites that flank 
yeast DNA segments of 3 Kb, 3.4 Kb and 1.5 Kb, respectively. By subcloning 
these fragments into the single BamH I site of the integrative plasmid YIp5, 
then transforming the appropriate yeast strains with these plasmids and finally 
mapping the sites of integration in the yeast genome, one could demonstrate 
whether or not homology exists between the cloned fragments and the respective 

genes. Before proceeding with the integration, we found it useful to 
determine if these BamH I fragments per se have Rad+ function. This was 
carried out by subcloning them into the replicative plasmid YRp7; the BamH I 
fragments were excised and religated into the single BamH I site of YRp7. The 
ligation mixtures were used to transform the E . coli strain JA300 to Trp + 
AmpR. Plasmid DHA was extracted from those trans formants that were also 
Tet s , using the "quick prep" method. This DNA was digested with restriction 
enzymes and the resulting fragments separated by agarose gel electrophoresis. 
The plasmids having the expected banding pattern for YRp7 plus the respective 
BamHI fragment, in the same orientation as in the original plasmids, were 
called [YRp7- RAD. ,- BB] ; one each from RAD50 , 51^ and 54 was chosen for 
subsequent studies. Plasmid DNA was extracted, purified and used to transform 
the appropriate Rad~ strains to Trp + . In all three cases, the 
transformants tested were still Rad~, indicating that the Rad + function is 
totally or partially outside the BamH I fragments. 

The BamH I fragments were next subcloned into YIp5 in a way similar to that 
described for YRp7 , except that the E. coli strain used for transformation was 
DB6507, and Ura+ Amp R transformants were selected. The plasmids obtained 
were called [ YIp5 -RAD. . -BB] and were used to transform the yeast strain DBY947 
(MAT_ ura3-52 ade2-101 , provided by D. Bot stein) to Ura + . Integrants were 
called INT50-.., INT51-.. and INT54-.., respectively. 

So far, 32 different INT50 strains have been analyzed. All were Ura + 
Rad*. Crosses by XS132-1A (MATa ura3-52 rad50-l his3 leu2 trpl-289 , provided 
by D. Schild) revealed that, in all cases, the ura and the rad markers 
segregate 2* : 2- but in an independent fashion, meaning that the integration 
has not taken place at the RAD50 locus. This result suggests that the cloned 
fragment: Lacks homology with the RAD50 gene. 
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Two different hypotheses could explain these findings: 1) The 
[ YEpi3-RAD50-2lOB] plasmid carries a gene that is able to complement rad50 
mutations only when present in a high copy number, and 2) the insert of the 
rad50-l complementing plasmid is made up of at least two Sau3A fragments which 
ligated together in the process of constructing the yeast pool but are normally 
separated in the genome; the BamH I fragment would carry a part that is neither 
homologous, nor continguous to the RAD50 gene. Presently we are working on 
these hypothesis. 

When the plasmid used for transformation was [ Ylp5-RAD51-BB] , seven 
integrants were obtained and all were Ura+ Rad + . One, INT51-B, was crossed 
to strain XS134-4B ( MATa ura3-52 rad51-l leu2 his3 trpl , provided by D. 
Schild). The analysis of 18 tetrads derived from this cross revealed that URA3 
and RAD 5 1 were closely linked: all of the tetrads were parental ditypes. The 
integrant IWT51-B was also crossed to strain 3971-5B ( MAT a gallO SUC mat trpl 
ura3 «a* "*et8 ade5,7 leu2 lysl arolD ilvl can! ) . The genes RAD51 and ILV1 are 
located on chromosome V, about 11 cM apart (16). The results of the analysis 
of 15 tetrads showed that now URA3 and ILV1 were also linked (9 PD: 0 NPD : 6 
T). We conclude that the integration has taken place at the RAD51 locus and 
that the plasmid that complements rad51-l carries the RAD51 gene. 

In the case of the INT54 trans formants , two of them (INT54-A and INT54-D) 
were found to be Ura* Rad+, while the other two (INT54-B and INT54-C) were 
Ura + Rad". Taking into account that the 1.5 Kb fragment carried by 
[YIp5-RAD54-BB] has no Rad + activity (as previously described), a possible 
explanation for the occurrence of Rad" trans formants would be that the BamHI 
fragment is totally internal to the RAD54 gene; its integration at the RAD54 
locus would then give rise to two incomplete RAD54 genes, separated by the YIp5 
sequences. This hypothesis implies that in INT54-B and INT54-C the integration 
occurred at the RAD54 locus. This in fact was shown to be the case: when 
INT54-C was crossed to strain X4004-3A ( MAT a ura3 lys5 trpl met2 ), a distance 
of 4.5 cM between the LYS5 and the URA3 loci was estimated 

(30 PD : 0 NPD : 3 T). According to J. Game (unpublished results), LYS5 and 
KA are closely linked. In addition, this cross yielded only parental 

•ii types ror the rad and ur a markers. 

Vbe- INT54-A, one of the Ura + Rad* transf ormants , was crossed to 
iwv-— -3A, the lys5 and ura3 markers segregated independently 

(3 PD : 1 NPD : 11 T), indicating that the integration has not occurred at the 
RAP54 locus. This might be explained by a gene conversion event between the 
URA ^ allele on the plasmid and the chromosomal ura3 allele, or by integration 
of the plasmid at ura3 . The latter explanation is unlikely because the 
mutation ura3-5 2 is thought to be a deletion and rarely undergoes homologous 
recombination (20) . 

The fact that the RAD54 gene can be completely disrupted by the plasmid and 
the cell still survives strongly suggests that it is a non-essential gene. In 
order to investigate how such a disruption affects the response of the cells 

•--v-5, INT were .rradiated with different doses of X-rays and the 

3e:er-.:r.~ - . TV.- experiment was carried out at 23°C and 37°C as the 
r - - - " ~ - ^.utat::r. us-j throughout these studies is thermosens it ive (9). 



208 Yeast Molecular Biology- Recombinant DNA 



As can be seen from Figure 2 (top), the same survival curve was obtained 
at either temperature. Furthermore, the survival curves closely paralleled 
that obtained with ceils carrying the r ad 54*3 mutation, when incubated at 37*C 
after irradiation, except for the resistant "tail" exhibited at high doses. 
Such "tail" effects are characteristic of mixed populations consisting by, \n 
large, of sensitive cells with a small proportion of resistant ones. The most 
likely origin of the resistant subpopulation is by excision of the integrated 
plasmid, yielding back the original Rad* Ura" cells. This was tested by 
checking the Ura phenotype of the survivors. As can be seen in Figure 2 
(bottom), the proportion of Ura" colonies increased with the dose of X-ray, 
until they made up almost 902 of the surviving population. Further confirma- 
tion for the occurrence of an excision event was obtained by showing that, 
indeed, all the Ura" clones, when tested for X-ray sensitivity, were again 
Rad + . 

Moreover, this excision seems to be induced by X-rays, as shown by the rise 
of sectored colonies Ura**7Ura" among the surviving ones (Figure 2, bottom). 
Sectored colonies probably result from excision events occurring after 
surviving ceils have divided. If no induction takes place, one would expect 
the proportion of sectored colonies to diminish with increasing doses, since 
the subpopulation of cells from which they derive, are being killed 
preferentially. The fact that the proportion increases rather than diminishes, 
would indicate that the excision is being induced. At high doses almost all 
the sensitive cells would have been killed; this would explain the eventual 
decline of the proportion of sectored colonies. 

Isolation of a Suppressor 

While testing the Leu + transf ormants , obtained with the pool 35, for 
other markers present in the transformable strains (Table 1), we found that a 
relatively high proportion of them (112/10,700 clones tested) were also Trp + . 
Furthermore, in the case of the r ad 50 strain, most of the Rad* (42/44) turned 
out to be also Trp + . The genes RAD50 and TRP1 are located on chromosome IV, 
but they are approximately 160 cM apart (16) . Thus, the probability of having 
both genes together on the same plasraid , particularly at the high frequencies 
at which they were obtained, was thought extremely unlikely. A more likely 
possibility was that we had cloned a nonsense suppressor. Since the 
transf ormants were still Lys" and the lys marker present in the transformable 
strain, lys 1-1 , was an ochre mutation, we surmised that we were not dealing 
with an ochre suppressor. In fact, both rad50-l and trpl-289 were demonstrated 
by standard procedures to be amber mutations and the plasmid that complements 
them, [YEpl3-SUP], was shown to suppress other amber mutations, i.e., arolD-1 , 
raet8-l , ade5 , 7 and trp-1 (Calderon, Contapoulou and Mortimer, manuscript in 
preparation). A restriction map of this plasmid is shown in Figure 1. 

The most likely origin of this suppressor is the yeast strain AB320 
(MATa/MATot (HO trp5-2 ura3-l ( ural-1 ? ) met4-l ade2-l leu2-l lys2-l 
canl-100 ] ) , which was the source of the insert DNA in pool 35. However, when 
a haploid ho derivative of AB320 (AB320 va= -r.Vvi^c ry 3. Hall) was crcs;-: -■ 
strain 39 71 -5 B that carries an assortmer.c : : denser.--: alleles, no amber 
suppressor could be detected among the se^ro i^rits of ihis cross. The 
possibility that AB320 carries a weak suppressor that is only active ia nigh 
copy number, as is the case with plasraid YEpl3 t cannot be ruled out. 
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Another possible explanation would be that the piasmid carries the PSI 
factor whicn is known to enhance the expression oi low level suppressors 

would then expect a low level supressor to be present in all transformable 
w strains. This, however, seems not to be the case as demonstrated by crossing 

^ the strain XS131-5A (Table I) to the strain MT193/3b ( MAT a SUQ5 ade2-l his5-:2 

ly«l-l trp5-48 can 1-100 ura3-l leul [ PSI ) . provided by B. Cox). Analysis of 
tetrads derived from this cross showed that the presence of PSI does not 
affect the normal segregation of the rad and the trp markers. 

Two other possible hypotheses about the origin of the suppressor remain 
. unproved: 

1. Piasmid [YEpl3-SUP] could carry a mitochondrial tRNA gene that behaves 
as a suppressor in cytoplasmical ly-directed protein synthesis; the high copy 
number of mitochondrial genomes would explain the high frequency at which this 
piasmid is found in the pool. This seems an unlikely explanation, however. 
The wobble rules for codon: anticodon recognition in mitochondrial translation 
would preclude a mitochondrial tRNA from functioning as an amber-specific 
suppressor (2). 

2. The fragment that contains LEU2 in YEpl3 is known to contain also a 
gene coding for a tRNA (8). This might well be SUP53, a gene closely linked 
to LEU2 (16), some of whose mutations are known to suppress amber mutations. 



Presently, experiments to elucidate which of these hypotheses may be the 
correct one, are being carried out. 
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The RAD52 gene of Saccharomyces cerevisiae has previously been shown to be 
involved in both recombination and DNA repair- Here we report on the cloning 
of this gene. A plasmid containing a 5.9kb yeast insert in the YEpl3 vector 
has been isolated and shown to complement the X-ray sensitive phenotype of the 
rad52-l mutation. From this insert various fragments have been subcloned into 
the YRp7 vector. A spontaneous integration event of one of the subclones has 
been genetically mapped to the chromosomal location of RAD 5 2 , indicating that 
the structural gene has been cloned. A 1.97kb Bam Hl fragment subcloned into 
YRp7 in one orientation complements the rad52*l mutation, while the same frag- 
ment in the opposite orientation fails to complement. Various other subclones 
indicate that a Bgl ll site, within the Bam Hl fragment, is in the RAD52 gene. 
This Bgl ll site has been deleted by Sl-nuclease digestion and the resulting 
deletion inactivates the RAD52 gene. BAL31 deletions from one end of a 1.9kb 
Sal 1 - BamH l fragment have been isolated; up to 0.9kb can be deleted without 
loss of RAD52 activity, demonstrating that the RAD52 gene is approximately lkb 
or less in length. 



t NTR 0 DUCT ION 

Several different DNA repair pathways have been identified in yeast, 
including a presumptive recombinat ional repair pathway (reviewed in ref. 7 and 
12 1. The RAD52 gene is one of at least eight genes (the RAD52 epistasis group) 
already identified which are thought to be involved in recombinat ional repair 
(5,7). The rad52-l mutation was originally identified as causing extreme 
sensitivity to X-rays, but only slight sensitivity to U.V. light (19). Strains 
carrying this mutation have also been shown to be partially or completely 
defective in meiosis and sporulation (5,6,18,27), meiotic recombination 
(6,18,27), mitotic gene conversion (6,18,25,27), double strand break repair 
(10,21), homothallic switching (13), and maintenance of chromosome stability, 

-i-.:ltir.2 ir. : u r ' cme loss (15). In addition, vegetative cells with the 

■ '- - " - Tic r. been shown to have elevated rates of spontaneous mutation 

arc rar —2 r3 ;-- '" ' - =ells. in meiosis have been shown to accumulate single 
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strand breaks during premeiotic DNA synthesis (22). If one assumes that double 
strand breaks and other X-ray induced DNA lesions are repaired by a recombina- 
tional mechanism (20), it is possible to account for most of the phenotypes 
associated with the rad52-l mutation by its defect in recombination. 

Although many phenotypes of the rad52-l mutation have been observed, no 
known enzymatic or structural activity of the RAD 5 2 gene product is known. In 
order to study the RAD52 gene at the molecular level, we have cloned this gene. 
The cloning of E. coli DNA repair genes, such as RECA and LEXA , has already 
been very important in isolating and characterizing the primary products of 
these genes and in studying their transcriptional regulation (reviewed in 
ref. 23). The cloned RAD52 will be used to determine whether this gene is 
transcriptionally regulated and if so, what are the inducers of transcription. 
The cloned gene is currently being used to identify and isolate the RAD52 gene 
product and to determine whether this gene might code for an essential 
function. 



MATERIALS AND METHODS 



Strains . The transformable yeast strain XS95-6C (MATot rad52-l ura3-52 
leu2-3 leu2-l 12 trpl and his3-l ) was used in most of the experiments. It was 
constructed by first crossing gl60/2d ( MATO rad52-l ade2»l arg4 arg9 trpl his5 
leul-1 ilv3 and leu2 ) from the Yeast Genetic Stock Center (Berkeley, CA. ) to 
RH218 ( MATa trpl-289 ) and then back crossing a resulting MATa rad52-l trpl 
derivative twice to DBY746 ( MATa trpl-289 ura3-52 his3-l leu2-3 leu2-112 ) 
(similar to SHY strains in ref. 2), kindly supplied by D. Botstein. The 
bacterial strains used were HB101 (CA600 leu ~ Bl " thr " pro " lacz - Sm - rec A" , 
rB" mB" SUII ) supplied by R. Davis, JA300 ( thr ~ leuB6 " thi ~ thyA " trpC117 ~ 
hsrK* hsmK" strR ) (29) supplied by John Carbon, and DB6507 (HB101 pyrF ~) 
supplied by D. Botstein. 

Plasmids . A bank of near random ( Sau 3A) partial fragments cloned into the 
BamHl site of the vector YEpl3 was kindly supplied by K. Nasmyth (16). YRp7 
and YIp5 were obtained from D. Botstein. 

Yeast trans format ion . Yeast transformation was performed using a modified 
version of the Hinnen, Hicks and Fink method (9), as suggested by V. MacKay and 
R. Hitzeman. 100ml of YEPD culture, grown to 2xl0 7 cells/ml, was collected 
and washed in water. The resulting pellet was resuspended in 5ml of S.E.D. ( 1M 
sorbitol, 25mM EDTA pH8.0 and 50mM dithiothre itol) and incubated 10 mir.. a: 
30°C. After a wash in 10ml IM sorbitol, cells were resuspended in S.C.E. ( 1M 
sorbitol, lOOmM Na citrate pH5 and lOmM EDTA) and 100 yl of zymolyase 60,000 
(Kirin Brewery) at Img/ml was added. Cells were incubated at 30°C until 80-90Z 
spheroplast ing had occurred (1/2 to 1-1/2 hrs). Spheroplast ing was monitored 
both microscopically and by loss of turbidity when spheroplasts were diluted 
into 10% SDS. Spheroplasts were washed 2 times in 1M sorbitol and once with 
CaS (1M sorbitol, lOmM CaCU and lOmM Tris-HCI pH?.^. Spheroplasts vere 
resuspended in 0.5ml CaS and divided :r.: : ":C0 _1 siiquots. 5-20 : a - f -V- 
was added to cells and the mixture was inchoated 15 min. at room ter.:- : : -r-=r. 
1ml of 202 polyethylene glycol ( PEG-- . OC'V , rigrr.3:, 1 OmM CaCl2 and lOrr" 'Tr.; 
pH7.4 was added to each sample and incubated 15 min. at room temperacure . 
After gently spinning the spheroplasts out of ^he PEG solution, the;/ -<?r? 
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resuspended in 150 ul of 1M sorbitol, 33. 5Z YEPD and 50mM CaCl 2 . 50 Ul 
aliquots were placed in yeast regeneration agar onto minimal dropout plates as 
described previously (9). 

E. coli transformation and plasmid preparation . E. col i transformation was 
performed as described by R. Davis et al. (4). Small scale plasmid prepara- 
tions were performed by the method of Holmes and Quigley (11) and large scale 
isolations plasmid were carried out using a protocol of Birnboim and Doly (1) 
scaled up to 1 liter by S. Conrad. 

Restriction, ligation, SI nuclease digestion and BAL31 digestion . All of 
the enzymes except BAL31 were obtained from Bethesda Research Laboratories and 
the B.R.L. suggested procedures were followed. BAL31 was obtained from New 
England Bio Labs and their procedure was followed. 

X-ray source . A Machlett OEG-60 X-ray source operated at 50 kV and 25 mA 
was used. The exposure rate was 240 R/sec. The f factor for the exposure 
conditions used was .90 rad/R. 



RESULTS AND DISCUSSION 
Cloning of RAD52 

A leu2 rad52-l yeast strain (XS95-6C) was transformed with YEpl3 (3) 
containing near random yeast DNA inserts (16) and Leu + t rans f ormants were 
selected. Approximately 2,200 Leu + transformant colonies were picked to 
master plates ( 50 per -leu plate) and grown up for 2 days at 30°C. They were 
then replica plated to YEPD plates and the replicas were treated with 50 krads 
of X-ray. Two transf ormants showed significant X-ray resistance and these were 
tested further. Survival curves on these transf ormants demonstrated that they 
had near wild type survival after X-ray treatment (data not shown). Cells 
derived from these transf ormants which had lost their plasmid became simul- 
taneously leucine auxotrophs and radiation sensitive. Plasmid DNA was isolated 
rrom z^.e tvc Rad + transf ormants by transforming E. coli with a crude yeast 
DNA preparation and selecting for ampic i 1 1 in-res is tant E. coli colonies. From 
the*e E. coli transf ormants , plasmid DNA was isolated and restriction analyses 
cam-si J out. One plasmid contained a 5.9kb insert and the other one an insert 
slightly over 20kb. Preliminary restriction analysis of the two inserts was 
consistent with the smaller insert being part of the larger insert. Because 
of complications associated with obtaining large amounts of plasmid DNA and a 
detailed restriction map from the plasmid with the 20kb insert, we concen- 
trated on the plasmid containing the smaller insert. A restriction map of the 
smaller plasmid is shown in Figure 1. Reint roduc t ion of either of the ' RAD52 ' 
plasmids into XS95-6C ( rad52-l leu2 ) resulted in a Leu* Rad + phenotype for 
all of the transformant colonies tested (100 for each plasmid). These results 
are consistent with the plasmids containing either the RAD52 gene or a 
suppressor of the rad52-l mutation. Although the rad52- I mutation is not non- 
-" " - -"jpcress : z possible that another gene on a hish copy number 
;'■ - Tr-^ht -: ;::rt:: • z"e rao 5 2 - I mutation or by -pass izs defect. Experiments 

. - - -:• i :-r ; :-?r.r-r. •? : raze zhat this is no: the case and that at least the 
smdiie; piasrr.ic contains the RAD 3 2 gene and not a suppressor. 




(BomHI/So 



Figure 1. Restriction map of YEpl 3- [ RAD5 ? T . This nl as ^id consists of a 
yeast Sau3A fragment, containing the RA D ;• 2 u-ene, cloned into the BamHI i : 
the YEpl3 vector (pBR322, the yeast LEU 2 gene and che Dart of the~yeast : 
plasmid which includes the origin of replication) (2;. 
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Subcloning of ' RAD 5 2 1 and 'rad52' Fragments 

From Che original 5.9kb insert, we have subcloned several fragments into 
the YRp7 vector using standard techniques. A 3.3kb Sai l fragment, consisting 
primarily of yeast DNA but vith 275 base pairs from pBR322, and a 1.97kb yeast 
BamH l fragment were found to have ' RAD52 ' complementing activity (Figure 2). 
Unexpectedly, when this BamH l fragment was isolated in the opposite orientation 
in YRp7, it lacked activity. One trivial explanation for this difference was 
that the 1.97kb BamH l fragment in YRp7-C9 had been mutated or modified either 
by growth in E. coli or by the various biochemical manipulations during the 
subcloning procedures. We can rule this out because we have subcloned the 
1. 9 7kb . fragment from YRp7-C9 back into YRp7 in the same orientation as 
YRp-C2-{ RAD52 ] and this subclone now has RAD52 activity. The orientation 
difference we observe probably indicates that the activity of the Bam Hl 
fragment is dependent on part of the vector sequence, such as a promoter, or 
is being inhibited by part of the vector and that this dependence or inhibition 
is orientation specific. The Bam Hl- Bgl ll subclones all lacked activity, 
indicating that the Bgl ll site is probably either in the structural gene or 
between the gene and its regulatory region. 

Integration Analysis of YRp7-A4 Sal-[RAD52) 

In order to prove that we had cloned the RAD52 gene, rather than a 
suppressor of rad52*l , we examined integration events of one of the subclones. 
It has been demonstrated that integration of plasmids in yeast occurs via 
homologous recombination (8,17,26). Therefore, integration events at the 
chromosomal location of RAD 5 2 would indicate that the plasmid contains the 
RAD52 region. Three independent spontaneous integration events were found in 
which the YRp7-A4-Sal-[ RAD52J plasmid had integrated into the genome of 
XS95-6C. Two of these integration events were at the chromosomal location of 
TRP1 (data not shown) but one integrated at the chromosomal site of RAD52 . The 
chromosomal location of this integrant was established by crossing it to a 
Rad + haploid of the opposite mating type and dissecting 10 asci from the 
resulting diploid ( rad 52 1 RAD52 ] / RAD52 ) . All eight asci with four viable spore 
colonies yielded * Rad + :0 rad" segregants and the two asci with three 
viable spore colonies yielded 3 Rad + :0 rad" segregants. This segregation 
pattern establishes that the integration event occurred at or very close to the 
RAD5 2 chr^:-5omaI site on chromosome XIII. If the YRp7-A4-Sal-[RAD52 ] plasmid 
had not integrated at or very near the site of rad52-l one would have expected 
some asci with 3 Rad"**:l rad52-l or 2 Rad*: 2 rad52-l segregations. The 
original integrant was also crossed to a rad52-l lys7 t rpl strain and asci from 
this cross were dissected* The Rad' 1 ' Trp + phenotypes segregated together 
as expected for an integrated plasmid containing both TRP1 and RAD 5 2 . Both 
were also linked to lys7 (P:NP:T * 4:0:4) and to a centromere (FDS:SDS 3 5:2) 
at distances consistent with the map position of RAD52 (14). 

The l.9kb BamH l fragment has also been subcloned into YIp5, the URA3 
integrating vector (2,28), and preliminary results indicate that this plasmid 

also >::.r::a:e£ at c h e s ;-na 1 1 oc a z ion of RAD 5 2 . 
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Figure 2. Subclones with and without RAD 5 2 activity. Various segments of 
original 5.9kb fragment subcloned into the Sa : I r Sarr.HI site of the YRp" 
vector (pBR322 with the yeast TRP1 - ARS1 region"!. The~insercs in the 
YRp7-C2-[RAD52 ] and YRp7-C9 plasmids are identical except for orientation. 
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BAL31 Deletions 

In order to more precisely define where the RAD 5 2 gene is located within 
the 1.97kb BamHl fragment, we have isolated deletions into the insert from one 
end. Since the subcloning experiments (Figure 2) and the Bgl ll deletion 
experiment (aee below) indicated that the RAD52 region included the Bgl ll site, 
we isolated deletions into the insert from the side furthest away from the 
Bgl ll site (the left side in YRp7-C2-[ RAD52 ] , see Figure 3a). Because the 
isolation of BAL31 deletions is simplified by starting from a restriction site 
that is unique in the plasmid, we first deleted the short Sai l fragment of 
YRp7-C2-[ RAD52 ] , using standard restriction and religation procedures. The 
resultant plasmid ( YRp7-C2-A Sal -f RAD52 ) ) contains both unique Sai l and BamHl 
sites (Figure 3a). This plasmid still complements the rad52-l mutation, which 
is expected since the previously subcloned 3.3kb Sai l fragment, which lacks the 
short yeast BamH l to Sai l region, has RAD 5 2 activity (Figure 2). The 
YRp7-C2- ASal -( RAP52 I plasmid was linearized by restriction with Sai l and 
digested with BAL31 for various lengths of time from 15-min. to 2 nr. Most of 
the time points gave large deletions; all of the deletions we used were from 
the 15 and 30 min. time points. Since BAL31 causes deletions in both directions 
from the Sai l site, we restricted with Pvu II before ligations so that we could 
later determine the length of the deletion within the RAD52 region. Pvu II 
leaves blunt ends, but since BAL31 ends are frequently not blunt we increased 
the number of blunt ends by filling in some of the overhangs using the Klenow 
fragment of DNA Pol l , prior to blunt end ligation. Following ligation, we 
transformed E. col i and used restriction analysis ( Pst I and Bam Hl double 
digest) on mini plasmid preparations to screen for plasmids with different 
sized deletions up to about 1.5kb. Large scale plasmid preparations were done 
on 24 plasmids and these plasmids were reintroduced into the rad52-l yeast 
strain XS95-6C in order to score for RAD52 activity. The deletions which were 
reintroduced into yeast are diagrammed in Figure 3b. The size of the deletions 
are approximations since agarose gel electrophoresis does not give exact 
lengths, but each deletion diagrammed did appear to be slightly different in 
length. Some deletions appeared to be of the same size and these duplications 
are not listed in Figure 3b although the RAD52 activity results for these 
apparent repeats were consistent. Some of the sizes of the deletions might be 
overestimates if BAL31 had actually digested much further in the Sai l to Pvu II 
direction and had delet-H r.isr the PvuII site. This seems unlikely for most 
of the deletions since zr.e c:^:3nce from Sai l to Pvu II is ^l.Akb and most of 
our deletions were Ikb or shorter. The results for two deletions (CU and 02 ) 
are inconsistent with the results from the other deletions; although they 
appeared to be short deletions they lacked activity. These cases might 
represent longer deletions which appear shorter because of the addition of 
random short DNA fragments during ligation. The rest of the deletions are 
consistent with deletions of about 900 bases retaining RAD52 activity, while 
longer deletions inactivate the gene. Therefore, the RAD52 gene is at most 
Ikb in length . 

'^>: ion of Bglll 

A de let ion- frarnt* ■"■*.• ■ '.- ? 5 ^ has been isolated to determine 

wnether RAD52 codes ror an essenciai function; only two rad52 alleles exist 
(5) and neither is known to be no-.-'ense suppress ible. If both alleles are 
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Figure 3. 3AL31 deletions. A. Removal of short Sail f ragmen: f r 
YRp7-C2- j RAD 3 2 1 before BAL31 deletions isolated. "TTT BAL 3i deletions from 
Sa I I site into RAD52 region. Line represents length of deleted segment. 
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leaky, then it is possible that RAD 5 2 might encode an essential function. The 
rad52-2 allele is clearly leaky, but it is not known if rad52-l is also leaky 
(5,27). The rad54-3 mutation is more X-ray sensitive than rad52-l (J, Game, 
personal communication) and since rad52 and radSA are in the sane epistasis 
group, it might indicate that rad52-l is a slightly leaky allele. It is known 
that diploids homozygous for rad52-l have extremely low (-10-20Z) plating 
efficiency and also spontaneously undergo chromosome loss (15) indicating a 
probable role for this gene during normal cell division. 

Since the previously discussed subcloning experiments indicated that the 
Bgl ll site in the 1.97kb Bam Hl fragment was probably in the RAD52 gene, we 
decided to isolate a "null" allele of rad52 by constructing a four base pair 
deletion of the Bgl ll site using SI nuclease. The 1.97kb Bam Hl fragment was 
first subcloned into pBR322 so that Bgl ll site in the BamH l fragment was the 
only Bgl ll site in the plasmid. This plasmid was restricted with Bgl ll, 
treated with SI single-strand exonuclease, blunt-end ligated, recut with Bgl ll 
(to decrease transformation ability of plasmids still containing a Bgl ll site), 
and transformed into HB101. Mini plasmid preparations on the transf ormants 
showed that the Bgl ll site was missing from plasmids in most of the transform- 
ants. Following large scale preparations of two plasmids with independently 
derived deletions of Bgl ll , we subcloned these deletions into both YRp7 and 
YIp5 in the proper orientation for RAD 5 2 activity. When the deletions in YRp7 
were introduced into yeast they failed to complement rad52-l (Figure 2). This 
demonstrates that the Bgl ll site is either in the structural gene or in a 
region essential for transcription or translation. We have recently integrated 
these deletions in YIp5 into a wild type strain of yeast and are currently 
examining excision events in both haploids and diploids in order to determine 
whether RAD52 codes for an essential function. If these experiments show that 
RAD52 codes for a nonessential function, our Bgl II deletion allele will still 
be valuable as a nonleaky allele. 



NOTE ADDED IN PROOF 



Kenji Adzuma (personal communication), in the laboratory of Dr. H. Ogawa 
0?aka University, Osaka, Japan), has independently isolated a 1.98kb BamH l 
fragment which complements the rad52-l mutation. This fragment appears to be 
identical to our 1.97kb BamH l fragment, since both share a common restriction 

map . 
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A fragment of DMA which restores resistance to UV, garnna rays, and 
methyl methanes ul fonate in both rad6- 1 and rad6-3 mutants has been Isolated 
on a recombinant plasmid, YEpl3. Recombinant plasmlds containing such DNA 
segments were obtained by transforming a leu2-3 leu2-112 rad6-l strain to 
LEU+ and screening for UV resistance among the LEU+ transformants. Three 
classes of recombinant plasmlds, based on restriction with BamHI, were 
obtained. The cloned DNA se<j»ent complementing rad6 was transferred to an 
integrating plasmid containing the yeast URA3 gene, and then used to 
determine the site of recombination of the cloned DNA. Preliminary genetic 
experiments suggest that the cloned segment integrates at the rad6 locus. 
Subcloning of this segment has yielded a 1.9 kb fragment which still 
functions in complementation of rad6 . When this fragment is used as a probe 
for hybridization to total yeast RNA, two transcripts are observed. 

INTRODUCTION 

Procaryotic and -ucaryotic organisms possess many different mechanisms 
which enable then to repair damage induced in their DNA by a wide variety of 
physical and chemical agents. Modification of the DNA damage, however, 
depends on the penevc constitution of the organism as well as the 
post-exposure conditions. In Escherichia coli , repair of ultraviolet light 
(UV) Induced damage is governed by genes In two epi stasis groups - one 
controlled by the uvrA+ , uvrB+ , uvrC+ system Involved in excision of 
pyriraidine dioers, and the other controlled by the recA+-lexA+ system 
(10,51), involved in postrepHcatlon repair. The sensitivity of double 
mutants consisting of uvrA and rec A Is such that one pyrimidlne dimer is 
sufficient to km the eel 1 , indicating that no other pathways play a major 
role in repair of UV damage 1n E. coll (14). 

Many cellular repair processes, such as excision repair and 
postrepl leaf" c v'^, a^s: ?c.*j t - i n eucaryotes. However, relatively few 
DNA repair muts-*. . '* nc^' *" -. eucaryotes. In the yeast 
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Saccharomyces cerevisiae , which has a well -characterized genetic system, a 
large number of radiation sensitive ( rad ) mutants representing over 30 
distinct genetic loci have been isolated and many have been characterized 
extensively in terms of their effect on UV induced mutations (19,21,39), 
chemically induced mutations (31,33), and their repair defects. Comparisons, 
of sensitivities to killing of various double mutant combinations indicate 
that three epistasis groups exist for repairing UV induced DNA damage (6, 
see 11 for review). One group consists of nine genes, RAD1 , RAD2 , RAD 3, 
RAD4, RAD7 , RADIO , RAD 14 , RAD 16 , and MS 19 , Involved in excision of 
UV-induced pyrimidine dimers (32,36,42,43,48,49). Like the excision 
defective uvrA and uvrB mutants of E. coli , the yeast excision defective 
mutants show enhanced frequencies oT~mutations following UV irradiation. 
Experiments with double mutants consisting of the rad mutants defective in 
excision coupled with cdc9 , which is temperature sensitive for growth and 
lacks detectable DNA iTgase activity In vitro (18), suggest that radl , rad2 , 
rad3 , rad4 , and radio mutants are defective in an initial incision step 
required for pyrimidine dimer removal and rad 14 is defective in a step 
subsequent to incision (50). In addition, it has been shown that cell-free 
extracts from radl , rad2 , rad 3 , rad4 , and radio strains are capable of 
removing dimers from preinc 1 sed UV irradiated DNA (44). However, it has not 
been possible to demonstrate pyrimidine dimer incising activity in cell -free 
extracts of yeast. 

The RAD 52 epistasis group consists of eight genes ( RAD 50 to RAD57 ) which 
confer sensitivity primarily to ionizing radiation (8), while UV sensitivity 
is enhanced mainly in the presence of a defect in excision (6). Mutability 
induced by UV or gamma rays in mutants of genes of the RAD 5 2 group is 
similar to that observed in RAD+ strains (19,25). Many of the mutants in 
this group, particularly rad 52 , affect recombination and DNA strand break 
repair. The rad52-l mutant is defective in spontaneous, UV and ionizing 
radiation induced homologous mitotic recombination (23,38,40), mitotic gene 
conversion (17), meiotic recombination between homologous chromosomes 
(9,38), UV induced sister chromatid recombination (37), and in mating type 
interconversion (23) which occurs by transposition of DNA copies from silent 
a and a loci to the mating type locus. The rad52-l mutation also blocks 
chromosomal integration of gapped-linear or linear molecules but not of 
circular molecules (30). In addition, both the rad51-l and rad52-l mutants 
are defective in the repair of DNA double strand breaks (16,41) . The 
rad52-l mutants are also not as proficient as wild type in postrepl ication 
repair of UV damaged DNA (34). 

Mutants of genes in the third epistasis group affect sensitivity to both 
UV and ionizing radiation and consist of rad6» rad8 , rad9 , rad!8 , reyl , 
rev2, rev3 , and nms3. Many of these mutants show reduced UV mutability for 
at least some, if not all, loci tested (19,22,24). In addition, some of 
them have pleiotropic effects on spontaneous mitotic gene conversion, 
spontaneous mutation, and DNA repair (see 11 for review). The rad!8-3 
mutant increases rates of spontaneous mitotic recombination (1)"! Both 
alleles of the rad6 locus, rad6-l and rad6-3 , enhance spontaneous and UV 
induced mitotic hete roal lei ic recombination in diploids an<: are proficient 
in spontaneous and UV induced unequal sister chromatid recombination in 
haploids (26). Both rad6 mutants show no induced mutations with UV, 
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ionizing radiation (19,25), ethyl raethanesulfonate, 

N-methyl-M'-nitro-nltrosoguanidine, and a wide variety of other chemical 
mutagens T31). The rad6*l and rad!8-2 mutants show a great inhibition of 
postrepllcatlon repair of UV damaged DMA while the rev3-l mutation does not 
affect 1t (34), 

Our aim has been to study the genes and gene products Involved In DMA 
repair and mutagenesis in order to elucidate the molecular mechanisms of 
these Important cellular responses. We have begun this study by cloning one 
of the genes, RAD6, which probably plays an Important role in the regulation 
of these two cellular processes and report here our preliminary results. 

MATERIALS AND METHODS 

Strains : The yeast strains LP2530-2A: MAT a leu2-3 leu2-112 h1s5-2 
trpl-1 radg-1 and LP2652-9C: MATa leu2-3 1 euFTlZ~Trpg-c ura3^>2 rad6-3 
were constructed by standard techniques of yeast genetics and used~To? 
transformation. Strain AB320 HO met4-l ade2-l lys2-l trpS-2 leu2-l canl-100 
ura3-l and/or ural was obta1ne<Tfrom J. Hopper and S150-2B HATa 1eu2^T 
leuZ-112 ura3-3ZTrpl-289 his3al from S. Bairn. Escherich1a~ coTl strain 
HB101 was obtained from H. Eberle. 

Plasmids used for cloning : YEpl3 (2), a 10.7 kb hybrid of p8R322 
containing a yeast DNA fragment with the 2 u circle origin of replication, 
enabling it to replicate autonomously in yeast, the yeast LEU 2 gene, which 
complements E. coll leuB , the col El origin of replication, and the genes 
conferring ampicillin ( amp R ) and tetracycline resistance ( tet R ) . A 
single BamHI site, used as the cloning site, is present inTKe tet gene; 
insertion in the BamHI site inactivates the tet gene. 

YIp5 (45) a 5.5 kb plasmid, also derived from pBR322, replicates 
autonomously in E. coll but not yeast, contains the amp and tet genes, and 
the yeast URA3 gene. 

pAB108, a 6.1 kb derivative of pBR322, contains the amp_ gene and 
replicates autonomously in both E. coli and yeast because of the yeast 
chromosomal replicator ARS2, and contains the L'RA3 gene for selection in 
yeast. pAB108 contains unique EcoRI, Hindi 1 1 ,HTamHI sites, was constructed 
by and obtained from S. Balm. pBEU49 is a recAo281 multicopy plasmid 
obtained from J. Clark and has a BamHI fragment containing the recA gene of 
E. coli . 

DMA purifications : Plasmid DMA from yeast was purified by a modified 
method of Hlrt (13). Yeast DMA was purified by a mini-prep method obtained 
from G.S. Roeder (unpublished results). Growth of £. coli containing 
plasmids was carried out as described (29) but with nucleosides omitted. 
Plasmid DNA was then purified by the cleared lysate method of Clewell and 
Helinski (5) but with 0.1 percent Triton X-100 instead of Brij 58. For 
screening of "i-a^ge number of E. coli contair : ~: " asmi ds , tne orocedure of 
Ish-Horowicz and 3urke ; 15) for WtTextrac z ' :™ p'asnnd or ccsmid 
cultures was used. 
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Pool DNA for transformation : The pool of yeast DMA sequences used for 
transformation, and designated pool 35, was constructed by K. Nasrayth and S. 
Reed and obtained from J. Hopper. Genomic DMA was purified from strain 
AB320, digested partially with Sau3A, and fragments of average size of 10 kb 
purified by sucrose gradients. These fragnents were ligated into the BamHI 
site of YEpl3 and used to transform E. coli to amp* *. Transformation of 
yeast was carried out as previously described ( 12 ) . 

Scoring of UV, X-ray and methyl methanesulfonate sensitivity : Methods 
were as described by Prakash and Prakash (35). 

Gel electrophoresis, transfer to nitrocellulose filters, preparation of 

f robes and hybridization : Restriction endonucleases were purchased from New 
ngland Biolabs and used in 0.09 M Tris-HCl, pH 7.4 - 0.01 M MgCl2 
buffer. Electrophoresis in agarose slab gels (Model 800, purchased from 
Aquebogue Machine Shop, Aquebogue L.I., N.Y.) to separate restriction 
fragments was carried out in 89 mM Tris-HCl, 23 nW phosphoric acid, 2.5 mM 
EDTA buffer, pH 8.3. Agarose gels also contained 0.5 ug/ml ethidium 
bromide. The restriction fragments were photographed under short-wave 
ultraviolet light with Polaroid type 57 film. DNA fragments to be used as 
probes wre isolated by electroelution from agarose gels as described by 
Zaret and Sherman (52). Nick translation of fragments for radioactive 
labeling was carried out by using the nick translation kit purchased from 
Aroersham. The specific activities of various probes ranged from 1.4 x 10? 
to 6.1 x 10 7 cpm/ug DNA and total of about 2 x 10 6 cpm was used for each 
Southern blot. The method of Southern (46) was used to transfer restriction 
fragnents to nitrocellulose paper and hybridizations were carried out as 
described by Zaret and Sherman (52). 

RESULTS AND DISCUSSION 

Isolation of RAD6-containing plasmids: We cloned the RAD 6 gene by 
screening for UV resistant colonies in a population of transformed rad6-l 
mutants cells. This method of complementation has been used successfully to 
clone various other yeast genes, such as cdclO , cdc28, and rad52 (4,28 and 
Schild and Mortimer, personal conrnunication) . However, before making use of 
this procedure, several precautions had to be taken because of the nature of 
the only existing rad6 alleles. Both rad6-l , isolated by Cox and Parry (7), 
an< * r *d6-3 , isolated in our laboratory (35) , aire nonsense alleles suppressed 
by both amber and ochre suppressors (20,47). Therefore, we included an 
amber allele, trpl-1 , and an ochre allele his5-2 , in the rad6-l strain to be 
transformed for isolation of the RAD6 gene' Any putative RAD6- containing 
clones could then be tested for the presence of a suppressor activity. The 
restoration of the RAD+ phenotype to a rad6 mutant could arise from either 
the presence of the RAD6 gene on the cloned DNA fragment, or the presence of 
any other gene which could suppress the rad6 phenotype. Any strains which 
were RAP+ as a result of cloning of a translational suppressor could be 
eliminated by testing RAD+ clones for ability to grow without histidine or 
tryptophan. * second precaution taken was to determine that strain AB320, 
from which pool 35 DNA had been constructed, did not contain any genes that 
might suppress either rad6-l or rad6-3 . This was done by crossing AB320 to 
rad6-l and rad6-3 suitably marked haploids and analyzing the segregation 
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pattern for the rad6 phenotype in the resulting progeny. In both crosses, 
rad6-l and rad6-3 segregated 2:2, indicating that strain AB320 did not 
contain any suppressors of either rad6- 1 or rad6-3 > 

Strain LP2530-2A, MAT a 1eu2-3 1eu2-112 h1s5-2 trpl-1 rad6-l t was 
transformed to LEU+ with pool 35 OfDT IEO+ transformants were then 
transferred to media lacking leucine and tested for their response to UV 
irradiation as well as for growth in the absence of hlstidine or 
tryptophan. Nine independent LEU+ clones were obtained which were UY 
resistant and retained dependence on hlstidine and tryptophan for growth. 
However, pool 35 contains a suppressor present 1n about 1 percent of LEU+ 
transformants which suppresses trpl-1 poorly, does not act on the amber 
allele ade5-7 . or the ochre alleles lysl-1 , 11yl-l, and canl-100 , but 
suppresses trpl-289, arolB , and met8-l very well (R. Mortimer, personal 
communication), Tn order to eliminate the possibility that the putative 
RAD 6 clones contained this suppressor which was also suppressing rad6-l and 
7535*3 , we transformed strain S150-2B to LEU+ with each plasmid and tested 
30 Ltu+ transformants from each experiment^ Hone of the LEU+ transformants 
were TRP+ , Indicating that the putative RAD6 clones did not contain 
suppressors of trpl-289. 

Plasmid DMA obtained from each of the nine clones was used to transform 
E. coli strain HB101 to ampiclllin resistance* Plasmid DHA from each of the 
nine transformed strains was then purified by by anpHfication with 
chloramphenicol and centrif ugatlon through CsCl. The purified DMA was used 
to transform LP2530-2A ( rad6-l ) and LP2652-9C ( rad6-3 ) to LEU+. All LEU+ 
transformants were UY resistant and still required tryptophan and hlstidine 
for growth. In addition, resistance to the lethal effects of X-rays and 
methyl methanesul f onate was obtained and sporulation ability was restored in 
diploids obtained by crossing rad6-l haploids to transformed rad6-l haploids 
of opposite mating type. These results indicate that the nine plasmids, 
designated pTB12 through pTB20, all contain a DMA fragment which restores 
RAD 6 function to rad6-l and rad6-3 strains. 

Restriction maps of putative RAD6 -conta1ning plasmids: Digestion with 
BamHi was used to determine whether any similarities existed among the nine 
yeast DNA inserts. Three groups were obtained, based on the types of 
fragments obtained following digestion with BamHI: (a) one insert ''accent 
in pTB13, pTB14, pTB15, pTB16, and pTB20 (b) two insert fragments in pT3i7 
(c) and no insert fragment in pTB13, pTB18, and pTB19. The extent of 
homology among the cloned yeast DMA fracptents was determined by mapping 
several restriction sites in pTB16, one of five plasmids In class (a), and 
pTB17, the only plasmid In class (b). The results are presented 1n Figure 
1. The 5.2 kb BaraHI fragment of pTB17 is homologous to the 5.2 kb BamHI 
fragment of pTB16 and both fragments contain the RAD6 function since 
transfer of each fragnent in both orientations into the BamHI site of YEpl3 
resulted in plasmids capable of transforming rad6-l and rad6-3 strains to 
RAD-*- with high efficiency. Restriction maps for members of class c have not 
yet been completed, however, hybridization results indicate that z'ass 
contains a small deletion within tre 4.2 o H^dlll fragment p**es^: - - :ct- 
pTB16 and pTB17 (Figure 2). For this experiment, the 5.2 kb BamHI --icrseit 
from pTB17 was used as a probe to nyoridize to Hindlll or BamHI digested 
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Figure 1. Restriction maps of recombinant plasmids containing the RAD 6 gene. 

Insert of yeast DNA segments, given by open bars, is in the BamHI site of 
the tet gene of YEpl3. The thin line represents YEpl3 DNA. The extent of 
overlap and orientation was determined by analysis of restriction sites and 
Southern gels. Symbols for restriction enzymes are as follows: 8, BamHI; 
*B, BamHI/Sau3A junction; Bg, Bglll; H, Hlndlll; K, Kpnl; P, PstI ; Pv, 
PvuII; Sa, Sail. The 5.2 kb BamHI fragment of pTB16 is homologous to the 
5.2 kb BamHI fragment of pTB17, which contains an additional 6.6 kb BamHI 
fragment, as shown. In pTB16, the insertion of the Sau3A fragment occurred 
such that the left end, near the Sail site, generated a BamHI site, while 
the cthe^ end, near the Hindi II site (on the right hand in the figure), 
generate-: a iiie not cut by BamHI and is designated *3. However, an 
additions' 3amHI site occurs about 0.5 kb to the left of *B and BamHI 
digestion of pT616 yields an insert fragment of about 5.2 kb. 
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Figure 2. Structural homologies among RAD6 plasraids. 

The 5.2 kb Bare HI fragment of pTB17 was purified by electroelution and 
labeled by nick translation. Digested plasmid DNA samples were separated by 
agarose gel electrophoresis, transferred to nitrocellulose, and hybridized 
with the 32 P labeled probe. Lane a: plasmid DMA from pTB60, which 
contains the 4.2 kb Hindlll fragment of pTB16 cloned Into pAB108 (see 
below), digested with Hindlll; lanes b, f, j, and k, plasmid DMA from pTB13, 
pTB13, pTB18 and pTB19, respectively, digested with Hindlll; lanes c, d, e, 
and i: plasmid DNA from pTB17, pTB16, pTB16 and pTB14 f respectively, 
digested with BamHI. Lane d contains about 1/4 the DMA present in lane e. 
_anes g and h contain Hindlll digested YEpl3 and 33--'* digested dBEU49 DNA, 
respectively. Lane 1 contains the purified Hindlll ---agrrent oDtained from 
3TB6O. The left hand side of the gel is somewhat skewed upward, giving 
-nose fragments an apparently larger size than they actually have, as 
observed in many other gels. 
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plasmids from all three classes. Lanes b, f, j, and k contain plasmids of 
class c, and the probe hybridizes to only one fragment of Hindi 1 1 digested 
DNA 1n each case, and the size of that fragnent is 3.5 kb. Lanes c, d, e f 
and 1, on the other hand, contain BamHI digested plasmids of class a, and in 
these cases, the fragnent which hybridizes with the 5.2 kb BamHI probe is 
about 5.2 kb. Lane g, which contains Hindlll digested YEpl3 (the vector 
without any insert) and lane h, which contains BamHI digested pBEU49 DNA, a 
plasmid containing the £■ coli recA+ gene on a BamHI fragment, do not 
hybridize with the probe, as expected, since there is no homology between 
the yeast DNA probe with either vector alone or with vector containing E. 
coli DNA. Identical patterns of hybridization to that observed in Figure 2 
are obtained if the 5.2 kb BamHI fragment or the 4.2 kb Hindi 1 1 fragment of 
pTB16 are used as probes. 

Confirmation that cloned fragments contain RAD 6 DNA: Since 
complementation is not sufficient proof for the identity of a cloned gene, 
that RAD6 was contained 1n the plasmids described above was verified by 
mapping the cloned fragnent to the yeast chromosome . The 5.2 kb BamHI 
fragment of pTB16 was purified and ligated into the single BamHI site of 
YIp5. This plasmid, designated pTB33, was used to transform LP2652-9C 
( rad6-3 ura3-52 trp5-c ) to URA+. Since YIp5 does not replicate autonomously 
but transforms yeast by integration, and since the ura3-52 allele does not 
recorobine and is thought to be a small deletion (45), integration of the 
URA3 gene should occur, in the region of the yeast genome which shows 
TuSiology with the cloned yeast DNA fragment. The URA+ transformants were 
tested for sensitivity to UV irradiation: six were UV resistant and three 
UV sensitive; the latter three might have arisen as a result of gene 
conversion. One of the rad6-3 URA3+ trp5-c integrants was crossed to a RAD+ 
ura3-52 TRP5+ strain. The URA3 gene is located on chromosome V, whereas the 
TRP5 gene is on chromosome YTT7 about 20 cM away from RAD 6 (27). Analysis 
oTTO tetrads obtained after sporulation of diploids yielded 14 parental 
ditype and 6 tetratype tetrads, giving 15 percent recombination. The 
linkage of ura3 to trp5 indicates that ura3 had integrated at the rad6 locus 
and that the RAD6 gene was present on the plasmid pTB33. 

Integration at the RAD6 locus would generate a fragment of about 10.5 kb 
following digestion of total yeast genomic DNA with Bglll, as indicated in 
Figure 3, «r,e**eas integration elsewhere in the genome would yield a Bglll 
fragment whose size cannot be predicted since the relation of the flanking 
Bglll sites to the Bglll site in the integrated segment is not known. 
Further evidence for the identity of the cloned fragment as the RAD 6 gene 
was obtained by digesting genomic DNA obtained from two RAD+ integrants and 
three rad6 integants with Bglll and hybridizing to a pBR322 probe (Figure 
4). As predicted for integration at the RAD6 locus, the size of the Bglll 
fragment hybridizing to the probe is about 10.5 kb. Also as expected, 
vector sequences are present in the genomic DNA of all integrants (lanes a 
to e) whereas no hybridization was observed with genomic DNA prepared from 
two non-transformed strains (lanes f and g). 

Sub.; " ; - ■ - : sna p ^ nn ■' r,d *-/ :naracterization of tne RAD 6 gene: In order 
to idenv y~*-o sna^^st jn:~ having RAD6 function, it was necessary to 
obtain smaller fragments of insert DNA. The Hindlll fragment present within 
the two B^H! sit«s «?TBi6 was cloned into the single Hindlll site of 
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Figure 3. Integration of a DNA segnent on a plasmid by recombination with 
its region of homology In the genome of yeast. 

Plasmid pTB33 was constructed by insertion of the BamHI fragment of pTB16 
into the BamHI site of YIp5. The structure of the resulting plasmid has not 
yet been confirmed but is assuned to be as given above. The open bar refers 
to the cloned segment on pTB33 and its corresponding region of homology on 
chromosome VII, the location of the RAD 6 gene. "X" and "Y" refer to the 
distance between the Bglll site in tRe~cloned segment and the next Bglll 
site on chromosome VII, going leftward and rightward, respectively. The 
thin line respresents chromosomal DNA. The lower linear cnrorrosome 
represents the integration of the cloned DNA segment into chromosome VII 
with two copies flanking the vector sequence of YIp5. The predicted size of 
the fragment generated by Bglll digestion of chromosomal DNA from integrants 
is about 10.5 kb. Symbols for restriction enzymes are as given in Figure 1. 
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Figure 4. Detection of pBR322 sequences in RAD+ URA+ integrants. 

Chromosomal DNA from two UY resistant integrants, BES-2 and BES-5, lanes a 
and b, respectively; three UV sensitive integrants, BES-7, BES-8, BES-9, 
lanes c t d, and e, respectively, and two RAD+ non-transformed strains, 
AB320, lane f, and ' ane g. :r a ted with Bg III and fragments 

separated by electro?-. 3 s on -jarose eels. In* DNA fragments were 
transferred to ni troce' 1 ^: ose anc hyDri d?zed to 3 ^P-labeled pBR322 DNA. 
Lane h contains pBR322 DNA and lane i contains lambda DNA digested with 
Hindlll. 
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pAB108, generating the plasmid pTB60 (Figure 5). pTB60 ONA was used to 
transform LP2652-9C to URA+ and all URA+ transformants obtained were also 
!? u !!? T J 0 * be UV resistan t7Tn^cating"tHIt the RAD6 gene was contained in the 
Hindi II fragment. This 4.2 kb Hindlll fragment, when hybridized to Hindlll 
digested genomic yeast DMA, hybridizes to only one band of about 4.2 kb, 
indicating that no repeated sequences corresponding to this fragment are 
present in the yeast genome {Figure 6). Further subcloning of the RA06 gene 
was achieved by deleting the rightward Bgl II/HindIII fragment of pTBBJTby 
digestion with both Bglll and BamHI (Figure 5). The resulting products were 
ligated and the mix used to transform HB101 to ampicillin resistance. 
Ampicillin resistant colonies were screened for the presence of the 
appropriate deletion. The plasmid generated in this way, pTB64, was also 
shown to contain RA06 function as determined by the ability to restore UV 
resistance to the rad6-3 strain, LP2652-9C, indicating that this leftward 
Hindlll/Bglll fragnent contains the RAD6 gene. Experiments are in progess 
to determine whether further subclonTng~of the RAD6 gene is possible while 
still retaining function. 

As a prerequisite for identification of the RAD6 protein product by in 
v1 'tro translation, we will identify the RAD6 transcript. In preliminary — 
experiments, the 4.2 kb Hindlll f ragment~oTpTB60 was purified and used as a 
probe to hybridize to total yeast RNA. Three transcripts of about 1.7, 1.1, 
and 0.8 kb, were observed. The Hindlll/Bglll fragnent present in pTB64 was 
isolated from Hindlll/Bglll double digestion of pTB60 by electroelution, 
since in the creation of pTB64, the Bglll/BaraHI ligation generates a 
sequence not recognized by either restriction enzyme. When this 1.9 kb 
Hindlll/Bglll fragment is used as a probe for hybridization to total yeast 
RNA, the largest transcript disappears and the two smaller ones remain. The 
possibility remains that further subcloning of the 1.9 kb Hindlll/Bglll 
fragment will yield an even smaller DNA segment which has RAD6 function and 
that when this smaller fragment is used as a probe for hybrTcfization to 
yeast RNA, one of the two transcripts will not be seen. However, it 1s also 
possible that the RAD 6 gene specifies two mRNAs, as has been found for the 
SUC2 gene, which specifies invertase (3); one transcript encodes the 
secreted, glycosylated form of invertase while the other encodes the 
intracellular form of invertase. In the case of the RAD6 gene, one 
transcript may be inducible, in response to DNA damagTngTagents, and the 
other may be constitutive. 
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Figure 5. Restriction map of pTB60. 

The Hindlll fragment from pTB16 was cloned into the single Hindlll site of 

pABiOS. a f,.i kb derivative of pBR32Z, —.z :rs : gratec nere 5y :ne thin line 
and the two open bars, one with the URAj e ar.c one with zr.e A.RS2 sequence 
of yeast DNA. The ccen bar marked RAD 5 ^ se r is tr-e Hindlll fragment of 
pTB16. Symbols for restriction enzymes are as given in Figure 1. 
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Figure 6. Autoradiogram of Southern blot of total yeast DMA hybridized with 
the 4.2 kb Hindlll fragnent of pTB60 labeled with 

Total DMA purified from strains BES-2, a RAD+ integrant, lane a; BES-7, a 
rad integrant. 1 ane b; RAD+ non- transformed strains: AB320, lane c, A364A, 
lane d, ¥26- ■-- ~. B-*i-z. ' :. - 3 I777-9A, lane h. and a rad6-3 
non-transforn>i : r - i XL--£:, ' sr^ -\ a^l digested witn Hindlll^ Lane 
contains a H^.; rje;: - "a-D^a ON A. DNAs were separated by agarose gel 
electrophoresis, transferred to nitrocellulose, and hybridized to 
32p. label led r^ob^. 
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18. MOLECULAR MECHANISMS OF DNA RECOMBINATION: TESTING 
MITOTIC AND MEIOTIC MODELS* 

Michael S. Esposrto and Carlo V. Bruschi 

Biology and Medicine Division 
Lawrence Berkeley Laboratory 
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Berkeley, California 94720 

Rec. Adv. Yeast Mo/. Biol. (1982) 1:242-253 

A hyperhaploid n ♦ 1 strain of Saccharomyces cerevisiae (LBL1) disomic for 
chromosome VII was employed to isolate hyper-rec and hypo-rec mutations 
affecting spontaneous mitotic gene conversion and intergenic recombination. 
The genotype of LBL1 permits simultaneous and independent identification of rec 
mutations that enhance or diminish gene conversion and those that enhance or 
diminish intergenic recombination. Five phenotypic groups of rec mutants were 
isolated following ultraviolet light mutagenesis. Rec mutations that simul- 
taneously abolish or enhance both classes of recomb inat ional events were 
detected. These results demonstrate that gene conversion and intergenic 
recombination are under joint genetic control in mitotic cells. Conversion- 
specific and intergenic recombination-specific rec mutants were also recovered. 
Their properties indicate that conversion and intergenic recombination are 
separable phenomena dependent upon discrete REC genes. The rec mutants 
isolated in LBL1 provide a method to test molecular models of mitotic and 
meiotic recombination. 



INTRODUCTION 

Interest in the mechanisms of mitotic and meiotic recombination in 
Saccharomyces cerevisiae has been heightened by recent demonstrations that 
genetic recombination plays a significant role in the regulation of gene 
expression in yeast and other eukaryotes (4,10). The mechanisms and pathways 
of yeast mitotic and meiotic recombination are exceptionally amenable to study. 
Molecular studies of DNA recombination and detailed genetic analyses suggest 
the existence of a variety of recomb inat ional intermediates and modes of 
resolution (6). While several rec mutants have been isolated in yeast the 
extant collection does not appear to include variants defective in each step 
of recombination (1,6). We constructed an n + 1 hyperhaploid strain disomic 
for chromosome VII (5) for the isolation of a broad spectrum of rec mutations. 
The genotype of LBL1 permits detection of rec mutations affecting the initia- 
tion of recombination, establishment of Holliday structures or related 
intermediates, isomer izat ion of Holliday structures and resolution of Holliday 
structures by endonuc leolyt ic scission (11) or DNA replication (3). In this 
report we discuss the phenotypes of recently isolated rec mutants and analytic 
methods for identification of their putative defects. The latter methods were 
developed to characterize the recomb inat ional phenotype of the spoil -1 mutant, 
hs described in che accompanying article by Bruschi and Esposito. 



* This work was supported by the Director, Of f ice of Energy Research, Office 
of Siology and Medicine of the U.S. Department of Energy under Contract No. 
DE-AC03-76SF00098, NIH Grant GM 29002 and NIHES Grant ES 02756. 
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MATERIALS AND METHODS 



Yeast strains. The genotype of LBL1, the n ♦ 1 hyperhaploid disomic for 
chromosome VII, is given in Figure 1. 



Media and techniques . The recipes for media have been reported previously 
(8). Strain LBL1 was maintained on slants of leucineless t ryptophanless 
omission medium or frozen in 50X (v/v) glycerol at -70 # C. Before each experi- 
ment single colony isolates of LBL1 were obtained by streaking on leucineless 
t ry tophanless omission medium or synthetic complete medium followed by incuba- 
tion at 24°C. The genotypes of putative ade5, ade6, and adeS ade6 segregants 
of LBL1 were verified by complementation analysis employing ade5 and ade6 test 
strains. Segregation of cly8 , a heat sensitive lethal mutation, was monitored 
by failure of growth on glucose nutrient medium at 36°C. 



Determination of mitotic rates of restitution of haploidy, intergenic 
recombination and gene conversion . The rate of occurrence of each type of 
mitotic event was determined by the method of the median of Lea and Coulson 
(12) as previously reported (5,9,13). The LBL1 strain was plated on synthetic 
complete medium and incubated at 24°C. Twenty-five colonies having a diameter 
of 2.5 mm were employed in rate determinations. Colonies of the same size were 
used because such colonies have undergone approximately the same number of cell 
divisions. Each colony was resuspended in sterile distilled water and plated 
on synthetic complete medium, leucineless t ryptophanless medium, eye loheximide 
medium and leucineless t ryptophanless eye loheximide medium. 



Induction of Rec mutations by ultraviolet light mutagenesis . The LBL1 
strain was plated on leucineless t ryptophanless medium and exposed to a 65Z 
killing dose of ultraviolet light. Surviving red colonies of 2.5 mm diameter 
were resuspended and plated on leucineless t ryptophanless cycloheximide medium 
to detect rec mutations affecting spontaneous gene conversion and intergenic 
recombination. Red cycloheximide resistant segregants of LBL1 detected on 
leucineless t rptophanless cycloheximide medium result from gene conversion of 
CYH2 S to cyh2 r while white resistant colonies result from intergenic 
recombination in the CYH2 - TRP5 interval (5). 



RESULTS 

Chromosomal Recombination and Segregation in Strain LBL1 

Strain LBL1 is a n + 1 hyperhaploid disomic for chromosome VII which we 
employed for the isolation of hyper-rec and hypo-rec mutations affecting 
mitotic gene conversion and/or intergenic recombination. The genotype of LBL1 
is shown in Figure 1. The disomic chromosome is heterozygous at six loci 

■distributed on both sides of the centromere- T.-e strain forms red colonies 
:ner.ically defined 1 and complex glucose nutria-.: due ;o the presence j: 

:ne ade2-l mutation that confers adenine aux;::ophv and accumulation of a 
ceU-limited red pigment (15). The trans arrangement of markers at LEU I and 
is employed for maintenance of the disomic strain. Haploid segregants 
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resulting from breakdown of the disome are unable to grow on media lacking 
leucine and tryptophan. The cyh2 r mutation, a recessive marker, permits 
simultaneous monitoring of gene conversion, intergenic recombination and 
restitution of haploidy. 

Gene conversion, intergenic recombination and restitution of haploidy (due 
to chromosomal loss of nondisjunction) result in rare eye loheximide resistant 
segregants that can be detected selectively as summarized in Table I and 
previously reported (5). The rates of occurence of each class of mitotic event 
resulting in eye loheximide resistant segregants. were determined by the method 
of the median of Lea and Coulson (12) as described in the previous section. 
•Twenty-five colonies of the LBL1 strain grown at 24°C were plated on diagnostic 
media to determine the number and types of eye loheximide resistant segregants 
that had arisen during growth. The results of this analysis are summarized in 
Table 2. The data demonstrate that the chromosome VII disome is highly stable 
and that gene conversion of CYH 2 S to cyh2 r and intergenic recombination in 
the interval CYH2 - TRP5 can be detected separately from events resulting in 
restitution of haploidy by plating cells on leucineless t ryptophanless cyclo- 
heximide medium. Two classes of eye loheximide resistant colonies (Classes B 
and C of Table 1) arise on this medium. Red colonies are of the Class B type 
and are due to gene conversion of CYH2 S to cyh2 r with maintenance of 
disomy. White colonies are of the Class C type and result from intergenic 
recombination in the interval CYH2 - TRP5 . They are white due to homozygosity 
for the ade5 mutation which blocks accumulation of the red pigment precursor. 

Ultraviolet light induced rec mutations affecting spontaneous mitotic gene 
conversion, as measured by the appearance of Class B segregants, and/or 
intergenic recombination, as measured by the appearance of Class C segregants, 
were obtained as described below. 



Isolation of Recombination Mutants 



The strain was placed on leucineless t ryptophanless medium and 

mutagen r; exposure to ultraviolet light as described in MATERIALS AND 

METHODS. Atcer growth at 24°C, surviving red colonies were resuspended and 
plated n i ne I ess t ryptophanless eye loheximide medium to assay the 

frequen;i:i Class B and Class C segregants within each colony. A total of 



2,467 survivors of UV mutagenesis were examined. Fifty-four mutants that 
exhibit a reproducible hypo - rec or hyper - rec phenotype were obtained. The 
phenotypes of the mutants are summarized in Table 3. Five phenotypic groups 
were observed- Mutants in Group I exhibit reduced levels of both spontaneous 
mitotic gene conversion and intergenic recombination. This mutant class 
demonstrates that gene conversion and intergenic recombination are under 
coordinate genetic control. Group II mutants retain the capacity for gene 
conversion but exhibit a reduced level of intergenic recombination. The 
existence of this class indicates there are REC gene products required for 
detection of intergenic recombination that are not required for gene 
conv-rr- " - Mu: J":? : :' ■ r r III display normal levels of sponcaneous gene 
c:nv-;: - . -r. : -r ~.r -.r.c- : .**.:-.- r^e n : c recomb inat i ^r: . The existence :: Group III 
1 ik-: :\;-. ■: .-r:.* II, : o:r.c p. = r r a t e s that inters nic recombination is affected 
by gene products tnat are not involved in gene conversion. 
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Groups IV and V contain the fewest number of mutants. Croup IV, containing 
one mutant, fails to exhibit conversion but does exhibit intergenic 
recombination. The phenotype of Group IV demonstrates that gene conversion 

,mm " involves processes that are not required for intergenic recombination. Group V 

mutants exhibit enhanced levels of both gene conversion and intergenic 

tsa* recombination. Like Group I, Group V demonstrates the existence of REC gene 

products that coordinately control the levels of gene conversion and intergenic 
recombination in mitotic cells. More detailed information regarding the 
functions of the REC genes comprising the five phenotypic classes which we have 
identified can be obtained by examining their meiotic phenotypes, as discussed 
below. 



DISCUSSION 

Several molecular models of recombination have been proposed to explain the 
properties of mitotic and meiotic gene conversion and reciprocal recombination 
(2,11,14,16), Most share three elements in common: 1) Gene conversion 
reflects the establishment of heteroduplex DNA, which may persist or undergo 
mismatch repair; 2) Reciprocal recombination results from the formation, 
isomerizat ion, and endonuc leolyt ic cleavage of Holliday structures; and 
3) Chromosomal recombination is initiated pos t repl icat iona 1 ly in G2 of mitosis 
and meiosis. Recent studies, however, have provided genetic evidence that 
most, if not all, mitotic recombination between homologous chromosomes of 
diploid cells is initiated prerepl icat ional ly (3,7,18) and that postreplica- 
tional mitotic sister chromatid exchange also occurs (17). We proposed a 
molecular model of prerepl icat ional mitotic recombination to explain the 
properties of mitotic recombination between homologs (3,9). According to the 
model prerepl icat ional recombination is initiated by heteroduplex DNA formation 
involving unreplicated homologs. The formation of heteroduplex DNA results in 
gene conversion of heterozygous markers and can be detected both with and 
without mismatch repair (6). Gene conversional events, for example, result in 
Class B red cycloheximide resistant segregants of the LBLl disome (Table 1). 
Mitotic reciprocal intergenic recombination, according to our model, requires 
the formation of a Holliday structure, does not require isomerizat ion , and can 
only be detected when the Holliday structure is not endonuc leolyt ica 1 ly cleaved 
and persists through chromosomal DNA ret: {ration. Class C segregants of LBLl 
presumably arise in this manner by for-.acion of a Holliday structure in the 
CYH2 - TRP5 interval. 

The critical functions required for detection of prerepl icat ional mitotic 
gene conversion and intergenic recombination are summarized in Table 4. The 
collection of hyper-rec and hypo-rec mutants isolated in the LBLl strain 
(Table 3) includes all of the phenotypic groups anticipated following loss of 
functions affecting prereplicational mitotic gene conversion and reciprocal 
recombination, i.e., Groups I, II, and III of Table 3. Group IV of Table 3, a 
rare mutational class, may result in preferential mismatch repair of 
CYH2 s :cvh_2 r he teroduplexes to the CYH? S ;CYH2 S homoduplex state, thereby 
i i t. i r. : :. : " : n g z h t > frequency of CI a s i f r - : :vcl:r-o>::~:^ r *r s i s t a n C c orr.ve r t an t s . 
Group V -u:an;i of Table 3, which . -- . - _ -. bo:*: ^ene ^—version and intergeni: 
recon-:;-:::on Are 1 i ke ly to result • r • - r-. -z r -5 a - • * j v ■= r s 1 ■ initiation of mitcc;c 
recombination. We have previously described a m i cos is-spec if ic hyper-rec 
mutation of this type, reml-1 (8,9). 



Recombination and Repair 249 



Future studies of Group I, II and III rec mutants will focus on a 
comparison of their mitotic and meiotic phenotypes. Croup I is expected to 
include mutants that are hypo-rec with respect to both meiotic gene conversion 
and reciprocal recombination owing to loss of a function required for 
initiation of heteroduplex DNA formation in both mitosis and meiosis (Table 5). 
Group II mutants are expected to be of two types. Those which diminish 
Holliday structure formation in both meiosis and mitosis are expected to affect 
mitotic and meiotic recombination in the same manner (Table 5). Those which 
are defective in mitotic reciprocal recombination due to failure to resolve 
mitotic Holliday structures by replication are not expected to affect meiotic 
reciprocal recombination (Table 5). Group III mutants that exhibit a hyper-rec 
phenotype with respect to reciprocal recombination due to loss of a function 
required for both mitotic and meiotic endonuc leoly t ic scission of Holliday 
structures are expected to exhibit a hypo-rec phenotype with respect to meiotic 
reciprocal recombination. Evidence that the spoll-1 mutation may belong to 
this class of rec mutations is discussed in this volume by Bruschi and 
Esposito. 

The isomerizat ion of Holliday structures may play no important role in 
prereplicational recombination (Tables 4 and 5). Consequently rec mutants 
isolated in LBLl are not expected to include variants defective in isomer iza- 
t ion of Holliday structures. Putative isomerase defective mutants can, how- 
ever, be detected as variants that fail to exhibit reciprocal sister chromatid 
exchange and reciprocal meiotic intergenic recombination. Selective systems 
to isolate such mutants are presently available. 
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Table 4. Prereplicat ional versus post rep Ideational recombination. 



Functions involved in recombination 



Prereplicat ional 
recombination 



Postreplicat ional 
recombination 



1. Formation of heteroduplex DNA 

2. Establishment of Holliday 
structures 

3. Isomerization of Holliday 
structures 

4. Endonucleolytic scission of 
Holliday structures 



5- Replicational resolution of 
Holliday structures 



required 
required 

not required 



not required 
and 

antagonistic 
required 



required 
required 

required 

required 

impossible 



ADE5 CYH2 S TRP5 !eu! ™ ADE6 CLY8 



ode5 cyh2 r trp5 LbU1 ode6 cly8 

101 79 18 3 29 18 

MATq HI ^ ode2 

25 86 



Figure 1. Genotype of the chromosome VII disoraic strain LBLI . 

.ar.ces shown are the standard -.: : : -. ■- 
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19. RECOMBINATION PROCESSES IN A SPORULAT ION-DEFECTIVE MUTANT 
OF S. cerevisiae: ROLE OF HOLLIDAY STRUCTURE RESOLUTION* 



Carlo V. Bruschi and Michael S. Esposito 
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Rec. Adv. Yeast Moi. Biol. (1962) 1:254-268 



A mutant of the yeast Saccharomyces cerevisiae , defective in the production 
of ascospores, is used for comparative analysis of the formation and resolution 
of Holliday structures in meiotic and mitotic recombination. Diploid hybrids 
homozygous for the mutation spo 11 — 1 exhibit not only a sporulat ion— def ic ient 
phenotype, but also a very low level of ascosporal viability, due to nondis- 
junction and chromosomal loss. Ascosporal survival is ca. 0.02Z while in 
SP011 / SP011 diploids ascosporal survival typically exceeds 95%. The genetic 
characterization of spoll-l / spol 1-1 hybrids has provided evidence supporting 
the hypothesis that failure to cut Holliday structures, during both mitosis and 
meiosis results in a hyper-rec phenotype in mitosis and hypo-rec phenotype in 
raeiosis. Diploid spoll-l / spol 1-1 cells are hyper-rec with respect to 
spontaneous mitotic intergenic recombination and hypo-rec with respect to 
spontaneous meiotic intergenic recombination. The spontaneous level of mitotic 
intergenic recombination at 24°C, a semi-permissive temperature for the 
sporulation process in spoll-l / spoll-1 hybrids, is ca. 5 fold higher in 
spoll-l / spoll-1 than in wild-type SP011 / SP011 hybrids, while no significant 
difference exists at the restrictive temperature of 34°C. No activity on 
spontaneous intragenic heteroal lei ic recombination (gene-conversion) , which 
does not depend upon resolution of Holliday structures, is detected at both 
temperatures. Meiotic intergenic recombination in the mutant, in cer.trast, is 
ca. 2 fold lower than that of wild type hybrids. 

The phenotype of spoll-1 homozygous diploids precisely fulfills :r.e 
expected phenotype predicted according to the model of prerepl icat ional mitotic 
recombination versus pos treplicational meiotic recombination for cells 
defect ive in the endonuc leolytic scission of Holliday structures in both 
mitosis and meiosis. Preliminary studies of mitotic and meiotic recombination 
of the 2-micron DNA plasmid in spoll-l / spoll-1 and SP011 / SP011 cells have been 
initiated to characterize the recombinat ional defect of spol 1-1 cells at the 
DNA molecular level. 
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INTRODUCTION 

Different mechanisms of genetic recombination in meiosis and mitosis and 
the existence of common REC gene functions can be genetically studied in yeast 
by the isolation of mutants affected in one or both processes with respect to 
the formation and resolution of Holliday structures (7). In meiosis, in which 
genetic recombination appears to occur after DNA synthesis and chromosomal 
duplication, in the G2 phase, the cleavage of Holliday structures formed in the 
G2 phase is the hypothesized basis for the generation of meiotic intergenic 
recombinants (11,15). Failure to resolve Holliday structures that engage 
nonsister chromatids would be expected to reduce the level of detectable 
meiotic' intergenic recombination, to cause extensive meiotic nondisjunction and 
to result in drastic ascospore lethality owing to the consequent aneuploidy. 

The effect of failure to resolve Holliday structures in mitosis is expected 
to differ from that observed in meiosis. We have recently presented genetic 
data indicating that spontaneous mitotic recombination between homologous 
chromosomes occurs at the two-strand stage, i.e., in the Gl phase, before 
chromosomal duplication, in both wild type hybrids and hybrids homozygous for 
the mitotic hy per-rec mutation reml-1 (6,10). A specific prereplicational 
model of mitotic recombination at the two-strand stage was advanced by 
Esposito (6), who proposed that intergenic recombination is initiated pre- 
replicationally by formation of Holliday structures. Some of these structures, 
that are not resolved by endonuc leolyt ic scission, are instead resolved by 
chromosomal DNA replication (Figure 1). According to this model, failure to 
cut Holliday structures by enzymatic activity before DNA replication would 
allow more of them to be resolved by DNA synthesis and would increase the level 
of mitotic recombination. These resolution events change the linkage relation- 
ships of heterozygous markers bracketing the site of the Holliday structure and 
are detected by standard methods which rely on the appearance of homozygous 
sectors. Holliday structures resolved by endonuc leolyt ic cleavage, in 
contrast, do not produce sectors or mitotic intergenic recombinants and thus 
escape detection. 

A critical an.i '. y - ; s or the involvement of resolution of Holliday structures 
in meiotic and mitotic recombination processes can thus be carried out with 
mutants that sh:-. • '.-veis of lethality of the meiotic products due to non- 

disjunction and c.:r.5--3uent chromosomal loss leading to aneuploidy. Such 
mutants may include variants defective in the resolution of Holliday structures 
formed during both mitosis and meiosis. They would be expected to exhibit a * 
hy po-rec phenotype wirh respect to spontaneous intergenic recombination and a 
hyper-rec phenotype with respect to spontaneous mitotic intergenic 
recombination. Furthermore, the level of gene-conversion measured as 
intragenic heteroal le 1 ic recombination should be normal, since conversion 
depends upon formation of heteroduplex DNA rather than the mode of Holliday 
structure resolution- The extent of mitotic hyper-rec activity of such mutants 
.would depend upon the efficiency with which Holliday structures are normally 
cleaved in the v* 1 <i tvoe. 




Mitotic Disjunction Patterns 



Sectored Colony OR Non-sectored 




-{5}* _rj}A bC 

-Qi ^- -[IP ^ 



Figure 1. The prerep 1 icat iona 1 model of mitotic recombination proposed by 
Esposito (6). Prior to chromosomal duplication, a Holliday structure (11) is 
formed by exchange of single strands of DNA of the same chemical polarity. 

When the Holliday structure is not cleaved prior to i\:z>l L: =z : . ?n of "he 
- r. rotr.jis ott.g 5 the resulting chromatids consist of a pair "ar's.~z*- : "i :he non 

recombinant c on f i gua t ion , i.e. 1 and 4 and a pair of rec-rnant chromatids, 
i • e » - and 3. When chromatids 1 and 3 separate froir. 2 ar.-.i * a sec cored colony 
results, exhibiting segregation of the recessive markers b and c_. The arrows 
indicate the 3* termini of the deoxyribonuc 1 eot ide_ cha i ns . The broken lines 
indicate DNA synthesized during the S phase of mitosis. 
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The data described below demonstrate that diploids homozygous for the 
mutation spoll-1 exhibit the genetic characteristics expected for cells 
defective in both mitotic and aeiotic endonucleolyt ic scission of Holliday 
structures* 



MATERIALS AND METHODS 

Strains . Mitotic and tneiotic recombination was studied in the MAT a/ MA Ta 
heterothallic spol 1-1 / spoll-l hybrid, CBX1 , and the MATa/MATQ heterothallic 
SP01 1 / SP01 1 congenic hybrid, CBX2 , having the genotypes shown in Table 6, 

Media and genetic techniques . Genetic procedures and the compositions of 
the glucose nutrient (YPD), synthetic growth media, and sporulation media have 
been reported (6,14). 

Plating of parallel vegetative cultures . The diploids used in 
recombination experiments were plated on YPD medium and incubated at 24°C or 
34°C to obtain single colonies. 100 ml liquid YPD cultures supplemented with 
60 mg/ liter of adenine were inoculated with one colony of approximately 3 mm 
in diameter (ca. 1.5 - 3.0 x 10 7 cells). The cultures were grown at 24*C or 
34 °C, respectively, harvested during the exponential phase of growth, con- 
centrated by centrifugation, washed once in 10 ml of sterile distilled water 
and plated on the appropriate synthetic media. The plates were incubated for 
7 days prior to counting. 

Caclulation of recombination rates . Mitotic recombination rates were 
calculated by the methods of Drake (1) and Lea and Coulson (13). The pertinent 
recombination rates for each culture were obtained from the equation r-0.4343 
f / ( logN-logN Q ) , (where r=rate, f=frequency of recombinants, N=final total 
cell number, and N c =initial ceil number). The median rate was then 
determined . 



RESULTS 

Isolation and Properties of spoil*! 

The spol 1-1 mutation was isolated following ultraviolet mutagenesis of 
ascospores derived from a homo thai Lie diploid strain of Saccharomyces 
cere vi siae and subsequently introduced into heterothallic stocks (2,3). 
Diploids homozygous for the spol 1-1 mutation exhibit reduced sporulation in 
comparison to wild type diploids at both 24*C and 34°C. At 24*C 
spol 1-1 / spol 1-1 diploids exhibit ca. 25Z asci in comparison to wild type 
diploids which yield ca. 702 asci at this temperature. At 34°C spol 1-1 / spol 1-1 
diploids yield ca. 10X asci in comparison to congenic wild type diploids that 
exhibit ca. 602 sporulation. 

We have characterized the erf-fi: of t.-e spol 1-1 mutation n: --tic =n.: 
meiocic recombination at bet-; I - ; jr.c in order to deterr.i; -. 

temperature dependence o: the > ■: I - : dere::. To perforin the iri -iis i. : 
necessary to determine the effect of the spo 11-1 mutation on ascosporal 
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viability at 24*C. In a preliminary experiment we dissected 81 four-spored 
asci and 1 three-spored ascus obtained following sporulation of the 
spol 1-1 / spoll-l hybrid at 24*C. None of the ascospores gave rise to viable 
colonies at 24*C. This result indicated the spoil -1 mutation results in 
drastically reduced ascospore viability. 

In order to further assess the effect of the spol 1-1 mutation on survival 
of cells exposed to sporulation medium, a sporulated suspension of the 
spoll-l / spoll-1 hybrid was diluted and plated on solid YPD medium. A total of 
1026 plated cells plus asci were observed microscopically over a 20 hr period 
during incubation at 24°C on YPD plates. The results of this microscopic 
* analysis are summarized in Table 1 below. 



Table 1. Viability of 


spoll-1/ spoll-1 


after sporulation at 


24°C. 


Micro-Colonies 


Dead Cells 


Dead Asci 


Total Observed 


41 


728 


257 


1026 


(4.02) 


(71. 0Z) 


(25. 0Z) 





Only 41/1026 surviving microcolonies were observed. This observation 
demonstrates that the spoll-1 mutation results in reduced viability of 
unsporulated as well as sporulated cells. To obtain a more precise estimate 
of ascosporal viability of spol 1-1 / spol 1 -1 segregants, a total of 855 
microcolonies were characterized by light microscopic observation in order to 
distinguish between apparently diploid cell colonies and haploid cell 
colonies. Haploid cells can be recognized by their smaller size and haploid 
growth habit. A total of 4/855 presumptive haploid colonies were observed. 
Subsequent genetic analysis of putative haploids has supported the conclusion 
that they are indeed haploid or hyperhaploid . These observations and the 
knowledge that the sporulated suspension consisted of 25Z asci allow us to 
calculate that ascospore survival of the spoll-l / spoll-1 haploid is ca. 0.02Z. 

Effect of the spoll-1 Mutation on Meiotic Recombination 

We employed the CBXl spoll-1 / spoll-1 hybrid to determine the effect of the 
spol 1-1 mutation on meiotic intergenic recombination for markers on chromosome 
VII following sporulation at 24°C. Owing to the fact that the spoll-1 mutation 
drastically reduces ascospore viability, it was not possible to observe its 
effect upon meiotic recombination by standard tetrad analysis. We performed a 
modified random spore analysis taking advantage of the fact that the diploids 
are canl/CANl heterozygotes sensitive to canavanine. Meiotic canl segregants 
:esi£U-: c j> :anavanine can be randomly selected out of sporulated populations 
r-y rep*. placing on argi nine less plates containing 60 ug/ml of canavanine. 

mcependenc colonies of che 3 p o '. I - 1 / s po 1 1 - 1 hybrid were sporulated and 
replicated on canavanine medium. Single canavanine-res i st ant colonies were 
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Figure 2. Meiotic and mitotic maps of chromosome VII intervals of the wild 
type SP011 / SP01 1 and the spoU-l / spol 1-1 mutant hybrids- Both maps of the 

«i'.d cype were determined in previous studies from our laboratory (8,9,10,14), 
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then picked up randomly, grown on YPD master plates, replicated to the complete 
and drop-out media and mated to 4 different adel tester strains. Two of these 
were a and a mating type tester strains and the two others were chromosome VII 
testers. Hating between the tester strains and spoll-l meiotic segregants 
resulted in adenine prototrophic colonies that could be scored following 
rgplica plating to adenine-def icient medium. We analyzed 1160 colonies that 
mated with one of the two mating type testers. The sample included both 
monosomic chromosome VII segregants and disomies for chromosome VII. The 
analysis provided an estimate of the percent meiotic recombination among 
surviving ascospores of the spoll-l / spoll-l hybrid for the intervals between . 
the chromosome VII markers ade5 - tnet 13 - cyh2 - leul - ade6 and the chromosome V 
markers canl-hpm3. The results are shown in Table 2. 



Table 2. 


Sing le 
hybrid 


strand 
(CBXl) 3 


analysis of 


meiot ic 


: segregants 


; of 


the spoil 


-1/spoll-l 


Interval 


+ 


+ 


+ 












Total 


Corrected 
% Rec. 


ade5-metl3 


R i 


223 


P 2 


139 


p i 


367 


R 2 


94 


823 


28 


metl3-cyh2 


R i 


117' 


P 2 


429 


p i 


162 


R 2 


61 


769 


19 


cyh2-leul 


R i 


30 


P 2 


199 


p i 


370 


R 2 


120 


769 


38 


leul-ade6 


p i 


406 


R l 


86 




68 


P 2 


261 


821 


20 


c ani-hom3 


p i 


1083 


Ri 


77 










1160 


9 



a 



Pi and P 2 are the parental categories; R\ and t?2 are tne 
recombinant ones. The percentages of r~>c omo i na t ion have been corrected 
for the presence of disomies for chromosome VII chat increase the real 
number of chromosomes involved in the analysis. P 7 and R 2 for the 
interval between canl and hom3 on chrc-o l- r~ ^ V are not given because 
canavanine sensitive strands are not rescued. 



On the basis of the values of meiotic recombination reported in Table 2 t 
we have constructed the meiotic map of the spoll-l / spoll-1 hybrid which is 
compared with that of the SP0U / SP011 wild type in Figure 2. As one can see 
there is an overall reduction of ca. 502 of the map length between the ade5 and 

ade6 marker- ■ che total length of the w i '. : ■ . -o ma? is Zl : ': ;M v: 1 *. e in the 
mutant it : ? :■-.:>• 10^ :M. The reduction ; : ;• ■ . - . o i n t : : : = - c : vr:oaer.eous 
in the various intervals measured on chrcr.,: s - ■- V : ! . ? z zrr.'z in at icr. in the 
leul-ade6 and cyn^-leul intervals is 50™ z-i i^e wlIg z\z-<= level and of the 
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wild type level between ade5 and me 1 1 3 . The greatest reduction was observed 
in the interval between the canl and hom3 markers on chromosome V in which the 
spoll-1 value is of the order of 14 fold lower than that of the wild type. 
The interval metl3-cyh2 on chromosome VII exhibited no apparent reduction in 
spoll-l / spoll-l . 

The gene to centromere distance for leul was also estimated but by a 
different approach, since it cannot be obtained from random spore analysis. 
We isolated a total of 104 microcolonies following sporulation and growth of 
the s po 1 1 - 1 / spo 11-1 hybrid on YPD medium. In this, sample, 98 microcolonies 
consisted of diploid cells i.e., they were non-maters, were able to sporulate 
poorly, and exhibited heterozygosity for one or more markers originally present 
in heterozygous or heteroal le 1 ic condition. Among these 98, two exhibited 
reciprocal recombination in the leul to centromere map interval, providing an 
estimate of the meiotic recombination frequency for this interval. Previous 
studies have demonstrated that map values obtained among diploids following 
extensive exposure to sporulation conditions approximate true meiotic map 
distances (4,5,16). 

Effect of the spoll-l Mutation on Mitotic Recombination 

The spontaneous rates of mitotic intergenic recombination for markers on 
chromosome VII were measured by plating aliquots from five parallel cultures 
of the spoll-l / spoll-1 CBX1 hybrid and the SP011 / SP011 CBX2 congenic wild type 
on synthetic complete medium arid selective media. 

The rate of het eroa 1 lei ic (intragenic) recombination at t rp5 , located on 
chromosome VII, at 24°C was determined from the total number of prototrophs in 
each of the five parallel cultures as described in MATERIALS AND METHODS. The 
rate of he teroal le I ic recombination leading to prototrophy is the same in the 
spoll-1 / spol 1-1 hybrid and the wild type. The spoll-l mutation does not confer 
a hy per-rec phenotype with respect to heteroalle lie intragenic recombination 
events leading to prototrophy (Table 3). The spoll-l mutation does, however, 
exhibit an enhancement of the rate with which he teroal le 1 ic recombination at 
c rp5 is associated with intergenic recombination in the interval t rp5 - cyh2 
leading to the production of red-white and white Trp* colonies. The spol 1-1 
mutation also confers hyper-rec activity in the case of intergenic recombina- 
tion events unselected with respect to association with gene conversion, as 
discussed below. 

The rates of mitotic events resulting in the production of canavanine 
resistant segregants at 24°C and of eye loheximide resistant segregants at 24°C 
and 34 °C are reported in Tables 4 and 5, respectively. No substantial 
differences between spol 1 -1 / spol 1-1 and SP011 / SP011 were observed. Since 
canavanine resistant and eye loheximide resistant segregants arise by both 
conversion and intergenic recombination in unknown proportions we proceeded to 
measure intergenic recombination on chromosome VII. 

Intergenic recombination on chromosome VII was monitored by the production 

.■.-.ice and red-wr*. it- Sr--tored colonies on synthetic complete medium at the 
■. -c- temperature of 24 ' ar.d ju°C. Since the hybrids are homozygous for the 
j : e 2 - 1 mutation, mitotic -events that result in homozygosity for either ade5 or 
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Table 3. Spontaneous tryptophan prototrophic segregants recovered from 

cultures following growth of the spoll-l / spoll-l and SP011 / SP01 1 
hybrids at 24 # C. - 

Culture Prototrophic segregants, No/10 6 Cells/culture 



Diploid Number 


Red 


White 


Sectored 


Total 


x 10*' 


spoll-1 
spoll-1 1 


16.9 


65.2 


0.0 


82.2 


1.56 


2 


18.9 


3.4 


1.0 


23.2 


1.03 


3 


6.7 


2.2 


0.0 


8,9 


1.19 


4 


18.9 


3.3 


0.0 


22 . 1 


1 . 22 


5 


22.5 


111.0 


0.0 


133.5 


1. 18 


6 


28.1 


2.2 


0.1 


30.4 


3.19 


7 


16.3 


1.1 


0.2 


.17.5 


5.95 


8 


18.6 


3.0 


0.1 


21.7 


4.98 


9 


21.2 


4.9 


0.0 


26.0 


3.39 


10 


14.4 


2.1 


0.5 


17.0 


4.28 


Rate 


1.00 x 

1U 


1.70 x 




1.27 x 
10~6 




SP011 

SPOU I 


20.3 


1.4 


0.0 




3.42 


2 


16.2 


4.2 


0.0 




2.51 


3 


19.2 


2.5 


0.0 


21.7 


3.69 


4 


111.9 


1.5 


0.2 


U3.6 


7.83 


5 


233.1 


2.2 


0.4 


235.7 


3.02 


Rate 


0.93 x 
10~ 6 


1.11 x 
10-7 




0.99 x 
10~ 6 
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Table 4. Spontaneous canavanine resistant segregants recovered from cultures 
following growth of spol 1- 1 / spoll-l and SP011 / SP011 hybrids at 24 *C. 



Culture 


Resistant 


segregants r 


No/105 




Cells/culture 


Diploid Number 


Red 


White 


Sectored 


Total 




x 10-9 


spol l-l 
spoll-1 1 


35.8 


0.3 


1.5 


37.6 




1.56 


2 


31.0 


2.3 


0.0 


33.3 




1.03 


3 


39.3 


0.0 


0.0 


39.3 




1.19 


4 


142.0 


2.3 


0.3 


144.6 




1.22 


5 


54.2 


8.8 


0.0 


63.1 




1.18 


6 


23.2 


0.0 


0.0 


23.2 




3.19 


7 


42.2 


0.1 


0.0 


42.3 




5.95 


8 


25.6 


' 0.0 


0.0 


25.6 




4.98 


9 


26.0 


0.3 


0.1 


26.5 




3.39 


10 


33.7 


0.0 


0.3 


34.0 




4.28 


Rate 


1.90 x 
10-5 


1.50 x 
10 ~7 




1.97 
10' 


x 
-5 




SPOll 

SPOll 1 


17.0 


0.6 


0.0 


17.6 




3.42 


2 


38.2 


14.9 


0.0 


53.1 




2.51 


3 


38.0 


0.4 


0.0 


38.4 




3.69 


4 


29.4 


0.2 


0.0 


29.6 




7.83 


5 


151.8 


349.7 


9.5 


511.0 




3.02 


Rate 


1.76 x 
10-5 


3.00 x 
10r7 




2.99 

io- 


x 

•5 
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Table 5. Spontaneous cycloheximide resistant segregants recovered from 
colonies of the spoil- 1 / spoil- 1 and SPOll / SPQU hybrids grown 
at 24'C and 34 # C. 









Colonies 


grown at 24°C 


Colonies 


grown at 34*C" 


— 


D i pi o id 


Colony 
rruraoer 


Res is tant 

segregants 
hi— i ft 5 

WO. 1U-' 




Cells/colony 
xlO" 7 


Res is tant 
segregants 
No. 10 ^ 




Cel Is/ colony 
xlO" 7 




spol 1—1 
spoll-1 


1 


12.3 




2.6 


24.1 




3.9 






2 


18.6 




2.2 


18.0 




1.8 






3 


13.5 




2.5 


18.2 




2.4 






* 4 


22.0 




2.2 


18.0 




2.1 






5 


10.9 




2.6 


47.5 




1.7 






Rate 


* 0.8 x 


lO- 5 




1.1 x 


10" 


■5 




SPOll 
SPOll 


1 


6.2 




1.2 


7.0 




1.8 






2 


7.0 




1.4 


19.4 




0.9 






3 


29.6 




1.6 


19.8 




1.9 






4 


23.9 




0.8 


10. 1 




2.3 






5 


10.7 




1.6 


9 . 5 




2.8 






Rate 


0.7 x 


10-5 




0.6 x 


io- 


5 



ade6 result in the production of white and red-white sectored colonies. 
Red-white sectored colonies represent events that occurred in the cell 
divisions following plating. Their frequency thus provides a direct estimate 
of the rate of mitotic ev^ics resulting in ade5 / ade3 arc •' a d e 6 sesre-ian: ; 

(Table 6). Comparing the races o: mutant and the v:_.; - ype a" 2- 3 J 

found a five fold higher rate for ere mutant that is s:«r . v.ica'. ly significant 
at the 99Z confidence level. At 34°C, however, there is only a sma i 1 
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Table 6. Mitotic recombination rates of spoll-l/spoll-1 and SP011/SP011 
hybrids at 24°C and 34*C 



Red-white sectored colonies 
Diploids Temperature on synthetic complete Cyh^ Trp+ Can 1 



spoll-1 
spol 1-1 
(CBX1) 



24°C 5.2 ♦ 1.2x10-^(19/36821) 

34°C 5.3 ♦ 1.4x10-^(14/26668) 



0.8x10*5 1.3X10* 6 2.0xl0- 5 
1.1x10-5 



SPOll 
SPOU 
(CBX2) 



24 W C 1.4 + 0.6xl0~ 4 (05/34808) 

34°C 4.3 ♦ 1.3x10-^(11/25288) 



0.7x10-5 0.9x10-6 2.9x10*5 
0.6x10*5 



VII 



ADE5 metl 3-c cyh2 r trp5-c leul-c Q ade6 hom3 Q CANl' 
ade5 MET13 CYH2 8 trp5-d LEU1 ADE6 HOM3 canl 1 



XV 



ade2 



ade2 



difference between the two rates of recombination that is in the range of the 
standard deviations and is not significant. It thus seems that the wild type 
gene product is temperature sensitive and that the spoll-1 mutation reduces 
the range in which the enzymatic activity is optimal- At 34°C, the 
SP011 / SP011 hybrid is a phenocopy of the spoll-l / spoll-1 mutant diploid. 

The genotypes of 41 red-white sectored spoll-l / spoll-1 colonies were 
determined to locate the exchanges resulting in hcr.r-ryg-s i ty for the distal 
markers ade5 and ade6. Five subclones from the red and white portions of the 
sectored colonies were sporulated at 24°C and backcrossed to haploid chromosome 
VII testers. Their genotypes were inferred from p-i ph-snotypes of the back- 
cross hybrids. The results of this analysis are summarized in Figure 2, which 
illustrates the mitotic hyper-rec activity of spoll-l / spoll-1 with respect to 
intergenic events. 

In order to demonstrate the involvement of the resolution of Holliday 
structures by DKA synthesis at the molecular level during mitotic 
recombination, we have begun a structural study of the yeast 2-micron DNA 
plasmid in the spoll-l / spoll-1 hybrid in which we expect the formation of 
dimers and multimers as a product of DNA replication through uncleaved Holliday 
structures. Preliminary results obtained by electron-microscopy of covalently 
closed DNA molecules in spoll-l / spoll-1 diploids f:d ?how the frequent presence 
of- dimers and :^r-~eri. determinations ; . . - - e - 1 re :r. z- r = -ii. - -rs 

currently in progress. 
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DISCUSSION 

The data presented above provide strong evidence in favor of the conclusion 
that the product of the SP011 gene is directly involved in endonuc leolyt ic 
cleavage of Holliday structures in both mitosis and meiosis. This fact 
identifies a common step in the mitotic and meiotic pathways of recombination. 
The mitotic hyper-rec and meiotic hypo-rec phenotype with respect to intergenic 
recombination of the spoll-l / spol 1-1 hybrid lends support to the view that 
recombination between homologs of mitotic cells occurs prerepl icat ional ly while 
meiotic recombination between homologs occurs post replicationally . Given these 
results, genetically marked haploid and diploid spoll-l strains can now be 
employed to test a corollary of the Gl model of mitotic recombination, viz , 
that sister chromatid exchange, like meiotic homologous chromosomal recombina- 
tion, is dependent upon endonuc leolyt ic cleavage of Holliday structures. 
Several yeast systems amenable to this type of analysis have already been 
developed in other laboratories (cf. 7 for review). 

The spoll-l mutation also provides a basic genetic approach to determine 
whether the overall sequence of molecular events postulated to occur by 
molecular models of genetic recombination is correct (6). The data discussed 
above suggest that the SP011 gene encodes a late function in the recombination 
sequence. Previous studies have uncovered both hyper-rec and hypo-rec 
mutations that may affect early stages of recombination, e.g., initiation of 
single-strand transfer (7). The phenotypes of doubly mutant strains 
incorporating spoll-l -and those previously isolated rec mutations may challenge 
models of genetic recombination. Reciprocal temperature shift studies (12) 
employing ts-rec mutants may also provide information with respect to the 
order of f unc t ion in recombination of REC gene products. 
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20. THE MOLECULAR GENETICS OF NON-TANDEM DUPLICATIONS 
AT ADE8 IN YEAST* 

S. Fogel, T. Choi, D. Kilgore, K. Lusnak and M. Williamson 

Department of Genetics 
University of California, Berkeley, California 94720 

Rec. Adv. Yeast Moi. 3 to/. (1982) 1:269*288 . 

The APE 8 locus of chromosome IV has been cloned. Various subclones, 
principally those with fragment lengths of 2.5 and 4.0 kb, confer APE 8 func- 
tion on recipient strains carrying the unique allele ade8-18 . A visual screen 
for detecting integrations of the autonomously replicating vector Is described 
along with diagnostic genetic .tests that Identify the genomic integration 
sites. Most integrants generate non-tandem duplications at the ade8-18 site, 
though some also occur at t rpl . None were found at ura3 . The frequency of 
integration via homologous recombination into a genomic site is proportional 
to the physical length of the corresponding PNA segment, carried in the YRpl7 
vector. Similarly, overall plasmid excision rates are proportional to the 
total length of the integrated segment and the distribution of events for a 
plasmid with a given DNA insert is determined by the position of the mutant 
site within the genetic fine structure map. Melotic gene conversion, Intra- 
chromosomal conversion, and postmelotlc segregation were studied in several 
hybrids containing two, three or four APE 8 sequences within conventional chro- 
mosomes or non-tandem duplications that are either isosequen tial or heterose- 
quen t ial . 



********* 

Gene conversion is typically defined as a non-reciprocal transfer of 
genetic information from one parental DNA segment to the corresponding PNA 
segment of the homologous chromosome (10-17,21,25). In yeast, it is generally 
agreed that conversion events can occur both in melosis and mitosis. The mel- 
otic process Involves specific synaptic pairings at the zygotene or pachytene 
stage of prophase I, along with the formation of heteroduplex PNA. These 
heteroduplexes may isomer ize, as suggested by the Aviemore model (24,28) to 
yield associated exchanges that recombine the outside markers. alternatively, 
isomer i z iz ion night no: occur and the somewhat more probable p^r x.-irV.er 
■?rray Is maintained. Thus, because gene conversion and genet i- - : rec jmbir.^.t '^n 
•are mechanistically linked, conversion has been viewed as a signal of : :<r 
basic recombination event (15,16,17). 

~* Supporced by an NTH research grant (GM17317) to S.F. 
and by the Berkeley Agricultural Experiment Station of 
the University of California. 
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More recently, the definition and significance of gene conversion has 
been enlarged and extended — particularly by perspectives and insights stemming 
from the experimental potentialities Inherent in recombinant ONA technology 
coupled to yeast transformation (2). Several major studies Impinge on current 
molecular recombination schemes and these are based on a combined genetlcal- 
recomblnant DNA approach. The importance of these works is summarized here. 

Introduced into sites on no n- homologous chromosomes, by means of recom- 
binant DNA procedures, various hls3 alleles were shown to undergo heteroal- 
lelic recombination and restoration of prototrophy (31). Clearly, homologous 
sequences could experience informational transfer or gene conversion regard- 
less of their position in the genome. Of course, the frequency of such 
heterologous events is several orders of magnitude lower than controls involv- 
ing he teroall eles occupying corresponding sites on homologous chromosomes. 
Similar findings were reported by others (1). 

Related to this extension of gene conversion's definition are the reports 
concerning sister chromatid exchange (23,34). Such studies were facilitated 
by the coupling of critical genetic analyses with recombinant DNA procedures 
that permitted differential marking of highly iterated sequences. To account 
for the events observed, as well as Jhe more recently described instance of 
gene amplification at the cupl locus In yeast, it is assumed that misalign- 
ment between homologous iterated segments is followed by heteroduplex DNA for- 
mation, Isomer izat Ion and an appropriate scission (4). Taken collectively, 
these events lead to a reciprocal exchange that generates quantitatively dis- 
similar products i.e., unequal crossing over. This event sequence may occur 
in mitotic cells and involve sister chromatids. Alternatively, it could occur 
in meiotic cells where homologous chromosomes might be engaged interactively 
during synapsis. With regard to DNA replication, conversion Is viewed as 
pre repli cative in mitosis (7,8,9,18) and as postreplicative in meiosis (2-4). 

A final approach entails the analysis of non-tandem duplications. These 
originate as a consequence of lntegratlonal events, i.e. homologous recombina- 
tion events which lead to r l>e Incorporation of a plasmid bearing a cloned DNA 
sequence into a site within ;he corresponding genomic region. Several studies 
(19,20,22,23) may be taken as representative. Such genomic reorganizations 
allow for the possibility >f : ^ t r achromosomal gene conversion with and without 
associated crossing over whci. -he interactive sequences are separated by a 
physical distance equal to the number of base pairs contained In the cloning 
vehicle. 

The present study aims to clone, analyze and sequence the structural and 
regulatory sequences of the ARG4 and APE 8 loci. Of special interest are the 
alleles arg4-16 , ade8-14 , ade8-18 and others for which we have accumulated an 
extensive, highly detailed background of biochemical and recomblnational data 
(5,6,8,15,16,17). Our program seeks to address, at the DNA sequence level, 
the generalizations based on genetic analysis that relate to parity, fidelity, 
polarity, frequencies of associated outside marker exchange, the position of 
.isscc iated excharc? f , - - or;.- -er s : ;-<= ' h or or insertions, 'deletions and 
perr.aps most impor \.\ : 1 y » T..irV. _r r ; :e;:s cf specific muz nr. r. =; (3,17). 
Mcr^r effects may ret -A ;:r ! z-jrsi- organizational features relating to 
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heteroduplex DNA correction mechanisms that sense, detect and repair 
mismatched base pairs as in single base substitution or frameshift mutants, or 
extensive non-homologie s as are found at the MAT locus, or non-pairings as in 
deletions or insertions several kllobases in extent (16). 

The production of non-tandera duplications and some of their salient 
features have been reported (19,20,22,23). The present approach seeks to 
exploit the resolving power of recombinant DNA- trans format ion systems with a 
view towards advancing our understanding of recombination from the self- 
contained black box level of genetic fine structure analysis to the physical- 
molecular level. Current state of the art techniques make it practical to 
isolate and analyze specific genes or gene fragments (2). Moreover, isolated 
genes, carried in plasmld vectors with known but varied replicatlve and 
integrative behavior, may be subjected to in vitro or in vivo mutagenesis and 
then returned to the host cell by PNA transformation for studying the effects 
of such alterations on gene organization, expression and regulation. 

Cloning the APE 8 locus 

A recipient conventional diploid strain of the following genotype was 
synthesized after several rounds of mating, sporulation, ascus dissection, 
scoring ascosporal colonies and selection. Except for MAT, each of the fol- 
lowing markers was homozygous ade2-l trpl . ura3 adeS-18 argA-16 . cupl . Com- 
parable strains carrying the wild type allele at ade2 were also prepared. 
When these studies were initiated by the senior author, in the laboratory of 
R.W. Davis at Stanford University, it was presumed that transformation studies 
in diploids immediately amenable to meiotic characterization would confer 
several advantages over transformation in haploids. Accordingly, these 
strains were monitored and selected for abundant sporulation with a high pro- 
portion of A-spored tetrads, high ascosporal survival equal to or better than 
95%, and ease of spheroplast ing and transf ormability . From a vantage point of 
hindsight, it is apparent that congenlc haploids appropriately marked to 
facilitate subsequent analytical studies would also be useful. 

A r-jncoE library of DNA fragments was prepared from the DNA isolated from 
a standard yeast strain — S288C. Conventional restriction enzyme digestion and 
sticky end ligation were involved. Yeast DNA was partially digested with the 
6 base : recognition enzyme 3amHI and the fragments were ligated into the 
unique BaaiHI site of the YRpl7 vector. This plasmid was constructed and 
kindly made available in purified form by W.M. McDonnell and R.W. Davis. The 
plasmid YRpl7 shown in Fig. 1 is derived from YRpl2 . It contains a unique 
BamHI site located within the tetracycline resistance gene. This site is also 
present in YRp7 , a TRPl /pBR322 vector (33). YR p i7 also harbors the yeast URA3 
locus, ARS1 — an autonomous replication sequence, and an adjacent, unique EcoRl 
site (32). Pools containing about 25,000 independent plasmids, i.e. each 
plasmid bearing a different inserted DNA fragment, were obtained by transform- 
ing E. col 1 to ampicillin resistance and tetracycline sensitivity. The pool's 
informational content was assessed by transforming the above described reci- 
pi-?-; : r i n ; ■_ 1 : ; ng for c om p lemen t a t i o n with respect to the TRP1 

an J . fur.: -.r.- r. 5 fn c latter, colonies displaying complementation 

r e 1 s - : j : - * -_ : • '. : t o I i c e readily i d e n t i t i e ii In the recipient APE 2 strain, 
sinci tneir r ep* ; :a- trans fer prints would grow confiuently on synthetic com- 
plete media def iri-^.t "or* adenine. Single yeast colonies containing presump- 
tive sC-j^' rr-.^T • -ere purified, grown, lysed and urtd to infect E. col i 
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Fig. 1. The YRp 1 7 cloning vehicle (constructed by W .M. McDonnell and R.W. 
Davis, pers. comm.) is a 7.0 kb plasmid carrying pBR322 sequences and the 
wild type sequences for the yeast genes TRP1 and URA3 in addition to an 
autonomous replication sequence, ars . A 4.0 kb BamHl insert carrying 
AD 5! 3 function is shown. 
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cultures for the isolation of purified plasmid preparations. A YRpl7 plasmid 
containing a 4kb wild type DNA fragment Inserted into the unique BamHI site 
comprises the initial hybrid DNA species on which the present study is based. 

The Akb fragment was subjected to restriction enzyme digestion, electro- 
phoretic analysis, and subclonlng. The restriction map is given as Fig- 2. 
Several different subclones were Isolated and two will be discussed here. The 
first is about 2.5 kb in length. It was generated by cleaving the 4kb BamHI 
fragment with the enzyme EcoRl — a procedure that yields two fragments; i.e., 
2500bp and 1500bp. When these were subcloned and tested, only the larger 
fragment provided APE 8 function. Like the parental 4.0 kb segment, it 
integrates preferentially into the chromosome IV region marked by ade8-18 . A 
smaller, secondary subclone of 1750 bp (from Sail to BamHI shown in Fig." 2) 
fails to provide APE 8 function in URA3 , TRP1 transf ormants. But, the sub- 
clones of the 2500 bp fragment recomblne intragenically within the ade8-18 
sequence, at an extremely low frequency, to yield functional APE 8 prototrophs. 
Thus, the coding region and probably the regulatory sequence of ADE8 are 
available to us within a combined physical length corresponding to about 2500 
b P* T he ade8-18 site falls within the 1750 bp fragment. In contrast, the 
mutant, ade8-10 . is located within a cluster adjacent to a terminus of the 
APE 8 genetic fine structure map (5). Recomblnational integration resulting in 
prototrophy occurs between this ochre nonsense mutant and the smaller 750 bp 
segment. Accordingly, the 750 bp fragment includes ade8-10 but not ade8-18 . 
since it recomblnes only with the former heteroallele, while. the larger 1750 
fragment must subtend and include the non- revertible, high PMS ade8-18 site 
situated in the approximate center of the fine structure map; see Fig. 3. A 
DNA sequence analysis of the 1750 bp fragment containing the mutant ade8-18 
compared to wild type will almost certainly provide a molecular basis that 
accounts for the unusual attributes of this particular allele, i.e., its high 
frequency of postmeiotic segregation when heterozygous, its marker effects in 
recombination, and its nonrevertible character (6). 

Ultimately, the ade8-18 sequence may be compared to ade8-14 , an adjacent, 
effectively inseparable ochre mutant known no revert and which nonetheless 
exhibits equivalent PMS patterns when heterozygous. However, ade8-L4 does not 
exhibit the pronounced marker effect of stimulating recombination rates with 
alleles to the left or right as is the case vi-h ade8-18 (5). Clearly, ONA 
sequence data can be expected to illuminate our insight concerning recombina- 
tion at the Intragenic level. Currently, we can orient the cloned fragment 
relative to Esposito's fine structure map shown in Fig. 3. The ade8-10 site 
falls between the restriction sites EcoRl and Sail and the ade8-18 site is 
localized on the 1750 bp segment bounded by Sail and BamHI . Petermined also 
is the orientation of the 2.5kb subclone. The ade8-10 allele located at the 
low end of the conversion polarity gradient Is near the EcoRl site and the 
ade8-18 allele distinguished by high conversion and high PMS rates (17) falls 
on the opposite side of the Sail site. The availability of two Kpnl sites and 
single sites for Hpal , Xhol, and Bglll provide additional subclonlng opportun- 
ities. 

A similar :c2b:*rd genet ic-mol r, .i . .- vzr -i^:. Is prj-jected for the 
specifi.: e-j-. ar.-; a '. *. ^ I e arg4-16 . This -: ^ '-"spl^y- an exceptionally 

high meiotic conversion rate and a high proportion of these events, 30%, are 
postmeiotic segregations (35). The isnl ^^o". i«d --onin? of the ARC A locus 
was definitively established earlier by have obtained an 
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Bam HI EcoRI Sail Xho I Bgl II Bam HI 
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Fig. 2. Restriction map of the A kb fragment. 
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Recombination and Repair 275 



Independent clone. Experiments with the ARGA clone will be discussed else- 
where. 

APE8 integration — a visual screen 

When the YRpl7 plasmids carrying either the 2.5 or 4.0 kb cloned frag- 
ments are employed to transform spheroplasts of a normal MAT a /MAT a diploid 
strain homozygous for the markers ade2 . ade8-18 . ura3 and trpl , selection for 
positive URA3 and TRPI function is achieved by plating the protoplast-plasmid 
mixture in soft agar on normal solidified media deficient for tryptophane and 
uracil- Such transf orman ts display behavior expected of cells containing an 
autonomously replicating plasmid. When the selective pressure is relaxed, by 
growing transformed cells on a rich medium such as YEPD, a large proportion of 
the daughter cells, and their subsequent progeny, lack the plasmid and conse- 
quently display a trpl ura3 phenotype. These observations are fully con- 
sistent with those made earlier (32,33). 

Transformed ade2 , ade8-18 cells, i.e., containing the autonomously repli- 
cating plasmid described above, appear white rather than red on YEPD and other 
media. Since APE 8 function is undoubtedly provided by the plasmid, as indi- 
cated by transformation of ade8-18 APE 2 strains to prototrophs, it is 
appropriate to Inquire concerning the underlying causes. Factors contributing 
to this altered phenotypic expression are as follows: 

1. Cells that have lost the plasmid, or failed to acquire it, are ade2 
ade8-18 genotypically . Such cells are devoid of red pigment since the 
metaboMc block imposed by ade8-18 occurs prior to the ade2 block in the 
d_e novo biosynthetic pathway. 

2. White cells typically outgrow red cells. 

3. Transformed cells may excrete uracil and tryptophane and these 
nutrilites are utilized for growth by ade2 , ade8-18 white cells. 

Transformed cells are, _at _best, faint pink on trp ura -nedia and 
moderately pink on trp ura ade media. Such white or pink patches often 
display numerous clearly defined sectors which are dark red by ccT.p.i r ; to 
the adjacent pink/white background and exhibit a pigmentation leve- charac- 
teristic of ade2 ADE 8 cells. Subsequent tetrad analysis Indicates that each 
red sector represents a single, independent integration event. Accordingly, 
the white- red or red-white shift, here designated as the Roman effect , in 
honor of Prof. H. Roman who first exploited the red-white system in yeast 
genetics (29,30), serves as a visual screen for the detection and ready isola- 
tion of homologous recombination events in which a plasmid is incorporated 
into the recipient's genome. Furthermore, the red-white Roman effect forms 
the basis for quantifying intrachromosomal gene conversion rates as well as 
plasmid excision rates. 

The s ys t em 1 s clarity .inc ; - . - , h j ^ : -: v i z v make It ur.u^., - '. " .-. ™ : » b 1 r 

as a novel means for iden t ; :*/ i - ; r. _ ; r.-,.: c- r iziag specializec — 
of yeast, or other organisms, th;: r. .: -?gulate or concr:; r ■* ~ • 

well as site specific recombination. Even greater resolving power may be 
introduced by coupling our systems ro other recombinant DNA cor: cr - • - - ' * - > ~ 

are highly selective. In this T.jr-.er, only excision products 
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Among these, the proportions of red and white colonies could be determined 
with high speed counting devices. Accordingly, integration and excision might 
be amenable to a highly detailed molecular and genetic characterization. 

Thirty two (32) independent red sectors were isolated and sporulated. 
Ascus dissection and tetrad analyses were performed. Twenty-eight red- 
sectored clones were heterozygous ^ or _ a single integration event — APE 8 
cosegregated with URA3 , TRP1 in the 4 :4 ratio expected for simple Mendel ian 
behavior. Three integrants were apparently homozygous. These might represent 
two simultaneous integration events, mitotic co-conversions, or mitotic recom- 
bination between the centromere and the site of integration. Finally, a sin- 
gle sector was simply heterozygous for ADE8 / ade8-18 . Here, we suppose that an 
lntrachromosomal excision event resulted in the loss of the segment containing 
URA3 , TRP1 ade8-18 . Alternatively, it might more likely represent an informa- 
tional transfer from the plasmid to the chromosomal site. Transfers in the 
opposite direction may occur also. This isolate, Bam5 , serves as our standard 
conventional he terozygote . It displays a basic conversion frequency of 10% 
among 621 fully analyzed tetrads. Of the 63 aberrant segregations, 40 or 
63.52 displayed postmeiotic segregations, detected as sectored ascosporal 

colonies by means of our standard plate-dissection- replica-plating procedure. 



Site of integration 



Red, URA3 , TRP1 , ADE8 segregants from each of twenty-one integrants 
involving the cloned 4kb fragment, were crossed to a single tester strain 
displayed in Table 1. Single zygotes were isolated, grown, sporulated, and 
subjected to dissections and tetrad analysis. Table 1 presents the diagnostic 
screen for identifying the site of integration. Of the twenty-one integrant 
hybrids analyzed in this manner, 18 displayed segregations consistent with 
integration at or near the ade8-18 site on chromosome IV. In addition, three 
integrations occurred close to the centromere at or near trpl . To a first 
approximation, it appears as though the frequency of integration at a given 
site is proportional to the physical length of the homologous segment carried 
in -he plasmid. Thus, the TRP1 segment and the Bam Hi fragment containing 
AD £3 within the YRpl7 vector are respectively 1.43 and 4.0 kb; or a ratio of 
about 3. Also, it may be noted that when the APE 8 segment is reduced to about 
2.5 kb, a significantly higher proportion of the integration events (about 
50%) occur at trpl compared to ade8-18 . These findings suggest that the pro- 
bability of localized effective mitotic pairing, as might be required for 
integration events involving mitotic recombination between homologous 
sequences, increases as a simple function of the physical length of the 
interactive sequences. Finally, as regards homologous sequence integration 
events, the three apparent homozygotes, about 10X, suggest that integration 
itself may be recomb inogenic . Experiments specifically designed to test this 
notion in a critical manner are warranted. 

Rates of Mitotic lntrachromosomal Excision 

~ve*v_ ..: -,r.£ :j ch« excision of YRpl7 plasmid sequences containing APE 8 

in s r \ z ■. - • -t idiei c.i.in t i t a c ive 1 y with respe:: t-.j the actual recombination 
r.n\~ =: vrv. • r. he integrated plas^id sequence is removed froa the genome. 
Mitotic excision rates are readily estimated from protocols based on the 
-no:'-- *: - the median (7/9). In our studies, eleven independent haploid 
- . .? ■ ;h containing about I.: x 10 cells', vere assayed via dilution- 
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plating on non-selective media and subsequent replica- trans fers to diagnostic 
media. Each colony arose from a single cell isolated by micromanipulation. 
Incubations were at 30 for three days* Three quantities are ascertained: a) 
Numbers of cells in each of the eleven parental colonies, b) Proportions of 
cells within each colony that yield trp ura colonies and c) Proportion of the 
auxotrophic colonies that are red ( APE 8 ) or white ( ade8-18 ). White colonies 
are classified as ade8-18 only on the basis of appropriate complementation 
tests. Such estimates allow us to compute a recombination rate for excision 
in terms of a probability per cell division. 

Excision rate experiments were conducted wth non- tandem duplication 
haploid strains derived from the meiotlc analyses of 'integrants containing 
APE 8 fragment of 4.0, 2.5 and 1.7 kb in length. The integrations occurred at 
ade8-18 , ade8-10 or trpl . 

Taken collectively, the data obtained are consistent with the following 
simple model: We assume that the mitotic excision rate is determined primarily 
by the sequence homology length between the recipient and inserted sequences 
in a given non-tandem duplication. Exchanges leading to excision are assumed 
to occur randomly along the homologous segment. Accordingly, with a particu- 
lar integration array e.g., ADE8-URA3-TRPl-ade8-x or ade8-x-URA3-TRPl-ADE8 ) , 
the proportion of ade8- x-ura3- trpl to ADE8-ura3- trpl excision products would 
be determined by the position of the ade8-x mutant site within the region of 
homology. 

When the recipient genome contained the mutant allele ade8-18 , the rate 
leading to white (ade8-18 ) excision products is about four times the rate to 
red, i.e. 7.3 x 10 /division vs 1.9 x 10~ /division. A representative set 
of data Is displayed as Table 2. However, when the recipient genome contained 
the mutant ade8-10 in place of ade8-18 , the corresponding rates to white and 
red,, excision products were essentially equal — i.e. 3 x 10 /division vs 2.5 x 
10~ /division. We may note that ade8-10 is located within the BamHI-Sall sec- 
tion. Thus, the ade8-10 site divides the 4 kb insert nearly equally, whereas 
the ade8-18 mutant divides the same fragment disproportionately . 

Given an integration event of the type . . . . ade8-URA3-IRPi -ADS 8 , a 

crossover at a or b would generate red or white excision pr\: respectively 
as shown in Fig. 4. The ratio of red to white excision pr; :-::^ is approxi- 
mately equal to the ratio of the sequence homology lengths in region b com- 
pared to region a. Illustrative data for the 4 kb fragment Integrated into 
recipients carrying ade8-18 and ade8-10 are given in Tables - and 3. 

In addition to varying the position of the mutant site achieved by util- 
izing different alleles, we may also vary the extent of homology by choosing 
appropriate subclones of the original 4 kb BamHI fragment. As given in Fig. 
2, an EcoRl site allows us to isolate a YRpl7 plasmid containing a 2.5kb 
insert that confers ADE8 function. Non- tandem duplications derived from this 
vector were studied with respect to spontaneous mitotic excision. Integra- 
tion s into ha plo ici r i : i ;- ; i - t i - ca rry ing ad~-: - / .~ 1 ai - '. * - .- 
analyzed, and the d?. : i i= .- /r - =i Table 4. In :~: • - v-r .: j -.- • ~ 
site divides the 2.5 kb ini-.-;*. [az~- nearly equal seg^*i::;,. ~'v.:f . ' '. 
predicts that the ratio of (rate co reds)/(rate to whine »y wouIj be unity. 
The overall total excision rate for this smaller fragment vould be little ^ors 
than half the rate obtain*.: with the 4 kb fragment. A.-v . . ^ r.-\ie 
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TABLE 3. Plasmid Excision Rates 



Size of Insert 


Integration Site 


* 

Rate to 

mutant 


wild 


4 kb 


ade8-13 


7. 3xl0~ 5 


1.9xl0~ 5 


4 kb 


ade8-10 


3.0X10" 3 


2.5xlO~ 5 


4 kb 


trpl-1 


7.6xl0* 5 


8.1xl0" 5 


2.5 kb 


ade8-13 


4.1xl0~ 5 


3.4x10* 6 



Rate = excisions/cell/division 





8-13 



8-10 



a — x — b 



s ion everts relative to mutant sites in ADE8 . 
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would arise at the expense of ade8 excision products, since the smaller frag- 
ment was generated by removing 1.5 kb of DNA from the b region of the original 
4kb segment. To date, all of our data on mitotic excision In non-tandem dupli- 
cations is consistent with the simple model presented above. 

Finally, we may inquire about mitotic excision s as a function of where 
the integration site is located within the genome. Three Integration events 
were detected in the vicinity of trpl , a cent romere- proximal marker whose 
extent of sequence homology corresponds to a 1.4 kb TRP1 fragment carried in 
the YRpl7 vector. On the melotlc map (26,27) trpl is located about 0.5 cM 
from the centromere while ade8 is removed about 150cM distally on the same arm 
of chromosome IV. A single integrant at trpl was analyzed in detail. The 

non- tandem duplication has the structure cetr trpl-ADE8-URA3-TRPl ade8- 

18 ade2 . The total excision rate approximates that observed for exci- 
sion of the same plasmid when It Is incorporated into the genome at ade8-18 . 
Also, the TRP1 ura3 ade8-18 excisions were equal to the trpl ura3 ade8-1 8 
excisions. Thus, the rates of spontaneous, mitotic excision for plasmid 
sequences introduced into the chromosome by homologous recombination are not 
markedly affected by proximity to a genomic centromere. In summary, it is 
clear that non-tandem duplications that arise by the integration of cloning 
vehicles into the genome provide us with a sensitive device for estimating 
several important parameters of recombination. Furthermore, as presently cotr 
stituted or coupled to selective DNA construction, the system could serve to 
identify and Isolate DNA sequences that regulate mitotic recombination. As 
yet, we have not varied the distance between the duplicated sequences, though 
this is readily achieved by recombinant DNA in vitro procedures. 

Melot ic g ene convers ion and postmeiot ic segregation in non - tand em duplica- 
t ions . 

Most of the Independent integration events (28/32) were heterozygous for 
the plasmid markers, i.e. URA3 , TRPI and APE 8 (see Fig. 1). 515 complete 
four-spored tetrads from an integrant at ade8-18 were analyzed. This culture 
is listed as Bam9 . In all, twenty-two conversion-like events were detected 
via the plate d is sec t ion- rep li ca transfer method. This reflects a basic 
conversion frequency of 4.3% — a value equal to about half that of the standard 
isogenic heterozyote Bam5 , where 622 analyzed tetrads yielded a basic conver- 
sion frequency of 10Z. However, the 2 PMS/BCF values, 48% and 64%, for Bam9 
and Bam5 respectively, are essentially equivalent. Thus, we presume that the 
presence of the integrated plasmid, yielding a non-tandem duplication, reduces 
the frequency of heterozygous pairings- Pairings are of two types i.e., +/- 
or-/- and if these occur with equal liklihood and the repair parameter (50%) 
Is unchanged, our predicted value for %BCF and % PMS/BCF would concur with 
those observed (see Table 4). Clearly a, a novel prediction is suggested by 

these findings. If the non-tandem duplications were iterated as H we 

would predict a reduction in % BCF proportional to the number of iterated 
ade8-18 alleles, but with no change in the % PMS/BCF ratio. Recombinant DNA 
constructions of this sort have been reported (23). 

The availability of non- tandem duplication, such as APE 8-U RA 3 - T R ? - - a i --- *- ~ 
18 as well as the : c rrespond ing homosequen t ial forms ADE8-URA3- TRPi-.OH- ir.c 
adeff- 18-L T RA3-TRP>- ade8-18 obtained via intrachromosoraal information transfer, 
allow us to generate fifteen unique hybrids that carry two, three or four adeS 
alleles per diploid. Among these, ten contain - dissimilar hoT.ol2gous 
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chromosomes. Data pertaining to five situations Is given In Table 4. We 
examine first DK101, a diploid with the following genotype: ade8-18 URA3 TRP1 
ade8- 18 /ADE8 . 

The aeiotic behavior of this hybrid, containing two alleles and one 
allele on respective homologues, may be contrasted with Bam5 . This isogenic 
control yielded data that is statistically homogeneous with our previous 
analysis of 15,480 tetrads (16,17). Both samples display a slight but signi- 
ficant disparity relative to the strand on which intragenic recombination _is 
i^nitiated^ _This + may be expressed by the dissymmetry coefficient of (6 :2 + 
5 :3~)/(2 :6~ + 3 :5~) which is 1.36 in the 15,480 tetrad sample and 1.5 in 
Bam5. ■ In DK101 the dissymmetry coefficient falls to 0.46 i.e., 11/24. How 
can these findings be rationalized in terms of a simple testable molecular 
model? 

We may presume that the dissymmetry coefficients characterizing the con- 
trol data reflect a higher liklihood of conversional Initiations Involving 
the strand bearing the wild type allele as given in the Aviemore model (24). 
We may + note that + in_the total control data, there are 396 and 312 PMS events 
of the 5 :3 and 3 :5 varieties respectively. Taken at face value, these 
data indicate that the disparity arises prior to the occurrence of correc- 
tional repair on the heteroduplex. It is only subsequent to this repair that 
gene conversion or restoration are established. Given the above, we emphasize 
that one strand in DK101 bears two ade8-18 sequences while the homologue 
bears only a single APE 8 sequence. Thus, the observed dissymmetry coeffi- 
cients can be accounted for as follows: Since DK101 contains two mutant 
alleles on one strand and a wild type allele on the other, we may assign to 
these initiation likelihood values derived from the control data, I.e. 0.423 x 
2 and 0.527 respectively. Normalizing these to unity, we obtain 0.595 for the 
strand with two ade8-1 8 alleles and 0.405 for the wild type strand. Thus, 
w_J.th_these_ derived initiation values, we predict 0.405 + x 35 • ^4 events of the 
6:2 + 3 :5 type and 0.595 x 35 - 21 events of the 2 :6~ + 3 :5 type. The 
actual number of observed events corresponding to these classes are 11 and 
24 — an acceptable fit between the observed data and hypothesis. In summary, 
each sequence retains its normal properties in such p. on- tandem duplications. 

A similar analysis applies to TC140. Here, the two homologues contain 
ADE8-URA3-TR?l-ade8-18 and adeB- 18-URA3 TRPl-ad^-. = . If misalignment of 
homologous sequences did not occur, or occurred with a negligible frequency, 
this diploid should exhibit a dissymmetry coefficient equivalent to the stan- 
dard value 1.36. The observed value 0.43 (10/23) is significantly lower than 
the predicted value. Now, if we assume that misalignment at meiotic prophase 
may occur, we visualize that three different synaptic configurations might 
occur with equal probability or 0.33; these patterns are: 
APE8 ~ URA3 - TRP1 - ade8-18 
ade8-18-URA3 - TRP1 - ade8-18 

ADE8 - URA3 - TRP1 - ade8-18 

ade8-I3 - URA3 - - ide=-:8 
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It may be noted that the first two configurations can readily yield gene 
conversions and postmeiotic segregations, while the last configuration can 
yield only a homoduplex at the paloed adefl-18 sites. Alternatively, the 
unpaired APE 8 segment might behave as wild type sequence heterozygous for a 
deletion. In the latter instance, no postmeiotic segregations would be gen- 
erated. Thus, overall we predict a reduction of the basic conversion fre- 
quency by a fraction of about 1/3 or to 6.7% — a value in agreement with the 
observed 6.0Z. Again, it may be noted that in this hybrid, containing a sin- 
gle heterozygous site within otherwise identical non-tandem duplications in 
each homologue, the respective ade8 sequences retain their individual proper- 
ties. 

In the culture designated Bam32 , with 642 total tetrads analyzed, we may 
observe a situation that is essentially the reverse of DK101. Here, an isose- 
quentlal non-tandem duplication for the wild type APE 8 sequences is heterozy- 
gous for a single copy of the mutant allele ade8-18 , i.e., APE8 yRA3 TRP1 
AIj>E8/ade8-18 Several features of the data may be. noted. First t£e _2 :6 + and 
3 :5 categories are conspicuously absent. Moreover, the 6 :2 and 5 :3 
classes occur with approximately equal frequency. The wide ratio class con- 
tains a single _ab 6 :2 and one 7 + : 1_ or events taken to represent two 
independent heteroduplexes . In the al> 6 :2 , + two sectored ascosporal colonies 
accompany two wild type colonies; in the 7:1 a single sectored ascosporal 
colony accompanies three corresponding wild type colonies. Thus, the ab6 :2 
ascus may reflect two separate events that involve all four chromatids and 
where the heteroduplexes span a single ade8-18 site and th^se_ are passed 
uncorrected into the functional ascospores. Likewise, the 7 :1 segregation 
mirrors two equivalent occurrences and presumably only one of the heter^du^ 
plexe^ is repaired in the direction of wild type. Adding the respective 6 + :2_ 
and 5 ^3 _segregat ions generated by the wide ratio asci to the observed 6 :2 
and 5 : 3" clones, we obtain 34 and 27 events respectively or a XPMS/BCF of 
44.32, a value roughly comparable to the + cor re sponging ratio in our control 
sample — 522. The absence of apparent 2 :6 and 3 :5 segregation asci can be 
accounted for by simply assuming that homologous pairing and heteroduplex for- 
mation spanning the ade8-l8 site, with or without correctional repair will be 
associated with an unaltered APE 8 sequence in cis array. 

Accordingly, potential conversions or PMS segregations resulting from 
events Initiating on the ade8-18 strand remain cryptic. Marked by the APE 8 on 
the same strand, such events therefore appear as ordinary 4 :4 segregations. 

We may proceed to calculate the expected number of cryptic events and 
subsequently compare this theoretical value with a value determined from an 
experimental procedure described below. Using the same rationale for normali- 
zation as in 0K101 (0 . 577+0 . 577+ .423 = 1 . 577 ) , we obtain 1 . 154 /l . 577»0 . 732 and 
0.423/1.577^0.268 — the respective initiation probabilities for the 
corresponding parental strands APE 8 URA3 TRP1 APE 8 and ade8-l8 . Because 61 
events were observed and since these represent only 73.22 of the total, the 
actual number of events should be corrected to 83.3. Accordingly, 26.82 of 
the total events should have initiated from the mutant ade8- l 3 strand and 
yielded 22.5 cryptic events to be found among the 383 normal 4* : 4 segrega- 
tions. 

Now, we ciay consider the experimental protocol for detecting cryptic 
events. A total of 167 normal 4 :4 meiotic 'segregations from Bam 32 were 
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tested as follows: the red segregant ascosporal clones were patched to YEP 
master plates. Individual white colonies from each patch were Isolated, puri- 
fied and tested for tryptophane and uracil requirements as well as complemen- 
tation by crossing with an ade8-18 tester strain. The tested cultures might 
be APE 8 - URA3-TRP1-ADE8 , or normal. Alternatively, they might be ade8-l8 
URA3 - TRPI-ADE8 i.e., conversions, or ade8-18 / ADE8-URA3-TRPl-ADE8 I.e. a PMS . 
In either case, the conversions and the PMS events will generate white 
colonies that are demonstrably ade8-18 genotypically . Such derivatives might 
arise as a consequence of intrachromosomal gene conversion with or without 
associated exchange. We examined 334 red ascosporal colonies from 167 com- 
plete asci. Twenty four colonies, each representing a single tetrad, yielded 
the expected white derivatives. However, in all but two instances, these were 
URA3 TRPI and APE 8 . Hence, they mirror spontaneous mutantional alterations at 
unrelated loci that impose blocks in the de novo adenine blosynthetlc pathway 
prior to ade2 — another manifestation of the Roman Effect. The two remaining 
instances were ade8-18-ura3- trpl and hence reflect the cryptic gene conversion 
or PMS along with the excision of the original plasmld sequence either subse- 
quently or simultaneously. Finally, we may compare our observed number of two 
cryptic events with the number expected or 6.3 events (167/583 x 22 ) . We may 
conclude that cryptic events do in fact occur and these arise In proportions 
similar to those given above. Hence, the basic conversion frequency of 9.3% 
has been underestimated by a failure to include twenty two cryptic events. 
The adjusted value is 12. 9% BCP. 

The possibilities for the" analysis of synaptic misalignments and there- 
fore unequal meiotic crossing-over Is especially favored in the diploid TC 
136. Here, two different isosequen tial non- tandem duplications are combined 
as follows: ADE8-URA3-TRPl-ADE8 / ade8- 18-URA3-TRPl-ade8-18 . 

One homologue carries two APE 8 arrays and the other carries two ade8-18 
arrays. Otherwise, the homologues are congenic, though each was derived by an 
intrachromosomal gene conversion of separate integration events. 

In all, 820 complete tetrads were analyzed (Table 4). The apparent XBCF 
va_s _15.6% with 110 segregations of t£e 6 :2 variety and 18 tetrads displayed 
5 :3 patterns. However, 2 :6 and 3 :5 asci were absent. What rationale 
will account for the marked disparity observed In these data as well as the 
rather high ZBCF value. A priori , we might consider that each heteroryous 
site of the non- tandem duplication might behave Independently of t.he_ remaining 
site. Conversions of mutant to wild at either site would yield 6 :2 tetrads 
and uncorrected^ he terodup lexes formed by + inItiations on the wild type strand 
would generate 5 :3 asci. In contrast, 2 :6 tetrads would require simul- 
taneous conversions of wild to mutant at both sites and PMS events with Ini- 
tiations on the ade3-1 8 stand would remain cryptic. To the above we must add 
the contribution of reciprocal exchange between the duplicated sequences. 
Such events would appear as 6 : 2 segregations superficially, but crypticity 
tests w^uld reveal that two ascosporal clones were heterosequential. In con- 
trast 6 :2 tetrads arising from informational transfer alone would contain a 
single heterosecuentUl spore clon^. Further speculation in the absence of 
.i- equate c ryp t : l zy analysis Is not war ranted. Considered together, the fac- 
ers discussed a bee provide a basis for the observed disparity. 

A qualitative statement bearing on the question of misalignment during 
net otic prophase may be obtained by considering the 174 unrelected tetrads for 
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hybrid TC148. This diploid is homozygous for a heterosequen tial non-tandem 
duplication _ As displayed i£ Table 4, s^x aberrant tetrads were identified; 
two were 6 :2 and four were 7 :i . The 6 : 2~ asci may have originated as 
intrachroaosomal gene conversions of the wild to the mutant sequence; or they 
may reflect misalignments associated with a similar conversional direction. 
The 7 :1 segregations are all taken to represent PMS events— i.e. misalign- 
ments accompanied by Information transfer from the mutant sequence to the wild 
type sequence without correction. Thus, some of the meioses display evidence 
that is indicative of misalignments or Intrachromsomal events. 

In conclusion, it is apparent that these studies must be regarded as only 
partial. Required for a total analysis is a more extensive study of crypti- 
city coupled with a rigorous molecular approach via DMA-DNA hybridization and 
sequence determinations of the various wild type and mutant alleles. 




LAW OFFICES 

LERNER, DAVID, LITTENBERG, KRUMHOLZ & MENTLIK 



LAWRENCE ). LERNER 
SIDNEY DAVID 
JOSEPH S. LITTENBERG 
ARNOLD H KRUMHOLZ 
WILLIAM L. MENTLIK 
JOHN R. NELSON 
ROY H. WEPNER 
STEPHEN B. GOLDMAN 
CHARLES P. KENNEDY 
PAUL H. KOCHANSKI 
MARCUS J- MILLET 
BRUCE H. SALES 
ARNOLD B. DOMPIERI 
KEITH E. GILMAN 



600 SOUTH AVE^Li?; WEST 
WESTFIELD. NEW JERSEY 07090-1497 



©OS) 654-5000 
FAX: (9081 654- 7S66 

PATENTS. TRADEMARKS AND COPYRIGHTS 




PETER J- BUTCH III 
ROBERT B- COHEN 
MICHAEL H. TESCHNER 
JEFFREY S. DICKEY 
GREGORY S. GEWIRTZ 
JONATHAN A. DAVID 
SHAWN P. FOLEY* 
ROBERT T. CANAVAN 
JOHN P. MALDJIAN 

OF COUNSEL 
DANIEL H. BOBIS 
W. DREW KASTNER 

"NORTH CAROLINA BAR ONLY 



March 7, 1996 

VIA FEDERAL EXPRESS 

Ms. Dale White 
auto.pat 

2121 Crystal Drive 
Arlington, VA 22202 



Re: GAUTVIK 3.0-001 FWC CIP CONT FWC DIV 
U.S. Serial No. 08/340,664 
PRODUCTION OF HUMAN PARATHYROID 
HORMONE FROM MICROORGANISMS 

Dear Dale: 



Enclosed please find the following documents to be hand delivered to the U.S. 
Patent and Trademark Office (Group Art Unit: 1812), with a courtesy copy to the examiner: 

1. Reply and Amendment 

2. Extension Petition 

3. Check Noftfost in the amount of $900.00 

4. CheckNo/^073 in the amount of $22.00 

5. Declaration of Dr. Maggio 

6. Declaration of Dr. Gautvik 



Please also ensure that the attached postcard is date stamped "received" and 
returned to us. March 8, 1996 is a 6 month bar date so it must be filed on March 8, 1996. If 
you have any questions with regard to the foregoing, please do not hesitate to contact us. 
Thank you for your assistance with this matter. 

Very truly yours, 

LERNER, DAVID, LITTENBERG, 
KRUMHOLZ & MENTLIK 




MICHAEL H. TESCHNER 

MHT/pch 
Encl. 

F:\SS\DOCS\3.0\40003.DOC 



1 



CURRICULUM VITAE 
NAME John E. Maggio 

ADDRESS: Department of Biological Chemistry and Molecular 

Pharmacology 
Harvard Medical School 
240 Longwood Avenue 
Boston, MA 02115 

DATE OF BIRTH: November 6, 1 952 

PLACE OF BIRTH: Houston, Texas 

EDUCATION : 

1975 A.B. Harvard College, Cambridge, MA (Chemistry) 

1975 A.M. Harvard University, Cambridge, MA (Chemistry) 

1981 Ph.D. Harvard University, Cambridge, MA (Organic Chemistry) 

POSTDOCTORAL TRAINING : 

1 981 -83 Postdoctoral Research Associate, University Chemical 

Laboratory and MRC Neurochemical Pharmacology Unit, 
Cambridge, England 

1984- 85 Postdoctoral Fellow, Neuropsychopharmacology Research 

Unit, Yale University School of Medicine, New Haven, CT 

ACADEMIC APPOINTMENTS : 

1985- 87 Assistant Professor of Pharmacology, Harvard Medical 

School, Boston, MA 
1 987-91 Assistant Professor of Biological Chemistry and Molecular 

Pharmacology, Harvard Medical School, Boston, MA 
1 991 - Associate Professor of Biological Chemistry and Molecular 

Pharmacology, Harvard Medical School, Boston, MA 

AWARDS AND HONORS : 

1 971 -75 Dean's List, Harvard College Scholarship for Outstanding 

Academic Achievement, National Merit Scholar 
1 975 A.B. magna cum laude with Highest Honors 

1976-78 National Science Foundation Graduate Fellow 
1 981 -82 Member of the High Table, King's College, Cambridge, 
England 

1 981 -82 North Atlantic Treaty Organization / National Science 

Foundation Postdoctoral Fellow 
1 983-84 Muscular Dystrophy Association Postdoctoral Fellow 



ORIGINAL PUBLICATIONS: 



1 . Maggio, J.E.: Structure of a mycobacterial polysaccharide - fatty acyl-CoA 

complex: Nuclear magnetic resonance studies. Proc. Natl Acad Sci 
USA 77: 2582-2586, 1980. 

2. Simmons III, H.E., and Maggio, J.E.: Synthesis of the first topological^ nonplanar 

molecule. Tetrahedr. Lett. 22: 287-290, 1981. 

3. Maggio, J.E., Simmons III, H.E., and Kouba, J.K.: 

Trispiro[tricyclo[3.3.3.0 1 . 5 ]undecane-2,r:8,1":9,1 , "-tris[cyclopropane]], a 
chiral fluxional hydrocarbon. J. Am. Chem. Soc. 103 : 1579-1581, 1981. 

4. Benner, S.A., Maggio, J.E., and Simmons, H.E., III: Rearrangement of a 

geometrically restricted triepoxide to the first topological^ nonplanar 
molecule: A reaction path elucidated by using oxygen isotope effects on 
carbon-13 chemical shifts. J. Am. Chem. Soc. 103 : 1581-1582, 1981. 

5. Maggio, J.E.: Nuclear magnetic resonance studies of mycobacterial polysaccharide 

- fatty acyl-CoA interactions in the control of fatty acid biosynthesis in 
Mycobacterium smegmatis. Ph.D. Thesis, Harvard University, 1981. 

6. Welzel, P., Wietfeld, B., Kunisch, F., Schubert, T., Hobert, K, Duddeck, H., Muller, 

D., Huber, G., Maggio, J.E., and Williams, D.H.: Moenomycin A: Further 
structural studies and preparation of simple derivatives. Tetradedr. Lett. 
39: 1583-1591, 1983. 

7. Sandberg, B.E.B., Maggio, J.E., Bishai, W.R., and Hannah, P.A.: A conformational 

approach to structure-activity studies of substance P. In: Substance P - 
Dublin 1983 (Skrabanek, P., and Powell, D., Eds.), Boole Press, Dublin, 
pp. 18-19, 1983. 

8. Maggio, J.E., Sandberg, B.E.B., Bradley, C.V., Iversen, LL, Santikarn, S., 

Williams, D.H., Hunter, J.C., and Hanley, M.R.: Substance K: A novel 
tachykinin in mammalian spinal cord. In: Substance P - Dublin 1983 
(Skrabanek, P., and Powell, D., Eds.), Boole Press, Dublin, pp. 20-21, 
1983. 

9. Hunter, J.C., and Maggio, J.E.: Pharmacological characterisation of a novel 

tachykinin isolated from mammalian spinal cord. Eur. J. Pharmacol 97* 
159-160, 1984. — 

10. Hunter, J.C., Maggio, J.E., and Mantyh, P.W.: Evidence for vasoactive intestinal 

polypeptide as a neurotransmitter in smooth muscle of the urogenital 
tract. Brain Res. 305: 221-229, 1984. 

11. Mantyh, P.W., Hunt, S.P., and Maggio, J.E.: Substance P receptors: Localization 

by light microscopic autoradiography in rat brain using 3 H-SP as the 
radioligand. Brain Res. 307 : 147-166, 1984. 

12. Mantyh, P.W., Maggio, J.E., and Hunt, S.P.: The autoradiographic distribution of 

kassinin and substance K binding sites is different from the distribution of 
substance P binding sites in rat brain. Eur. J. Pharmacol. 102: 361-364, 
1984. 



3 



13. Maggio, J.E. and Hunter, J.C.: Regional distribution of kassinin-like 

immunoreactivity in rat central and peripheral tissues and the effect of 
capsaicin. Brain Res. 307: 370-373, 1984. 

14 Hunter, J.C. and Maggio, J.E.: A pharmacological study with substance K: 

Evidence for multiple types of tachykinin receptors. Eur. J. Pharmacol. 
105 : 149-153, 1984. 

15. Hanley, M.R., Sandberg, B.E.B., Watson, S.P., Downes, CP., Maggio, J.E., and 
Iversen, L.L.: Biochemical pharmacology of substance P receptors. 
Methodol. Surv. Biochem. Anal. 13: 499-501, 1984. 

16 Mock, W.L., Manimaran, T., Freeman, W.A., Kuksuk, M., Maggio, J.E., and 

Williams, D.H.: A novel hexacyclic ring system from glycoluril. J. Org. 
Chem. 50: 60-62, 1985. 

17. Hunter, J.C, Hannah, PA, and Maggio, J.E.: The regional distribution of 

kassinin-like immunoreactivity in central and peripheral tissues of the cat. 
Brain. Res. 341.: 228-233, 1985. 

18. Kalivas, P.W., Deutch, A.Y., Maggio, J.E., Mantyh, P.W., and Roth, R.H.: 

Substance K and substance P in the ventral tegmental area. Neurosci. 
Lett. 57:241-246, 1985. 

19. Deutch, A.Y., Maggio, J.E., Bannon, M.J., Kalivas, P.W., Tarn, S. : Y Goldstein, M., 

and Roth, R.H.: Substance K and substance P differentially modulate 
mesolimb'ic and mesocortical systems. Peptides 6(SudpI. 21: 1 13-122, 
1985. 

20. Lee, J.-M., McLean, S., Maggio, J.E., Zamir, N., Roth, R.H., Eskay R.L, and 

Bannon, M.J.: The localization and characterization of substance P and 
substance K in striatonigral neurons. Brain Res. 371: 152-154, 1986. 

21 Gibson B.W., Poulter, L, Williams, D.H., and Maggio, J.E.: Novel peptide 

fragments originating from the caerulein, xenopsin, and PGL a precursors 
from Xenopus laevis. J. Biol. Chem. 261: 5341-5349, 1986. 

22. Bannon, M.J., Deutch, A.Y., Tarn, S.-Y., Zamir, N., Eskay, R.L, Lee, J.-M., Maggio, 
J.E., and Roth, R.H.: Mild footshock stress dissociates substance P from 
substance K and dynorphin from Met- and Leu-enkephalin. Brain Res. 
381 : 393-396, 1986. 

23 Mantyh P W., Maggio, J.E., and Mantyh, C.R.: Heterogeneity of central and 
' peripheral tachykinin binding sites. In: Substance P and Neurokinins 
(Henry, J.L., etal., Eds.), Springer-Verlag, New York, pp. 366-371, 1987. 

24. Jones, E.G., Defelipe, J., Hendry, S.H.C., and Maggio, J.E.: A study of tachykinin 
immunoreactive neurons in monkey cerebral cortex. J. Neurosci. 8: 1206- 
1224, 1988. 



25. Mantyh, P.W., Mantyh, C.R., Vigna, S.R., and Maggio, J.E.: Receptor binding sites 
for substance P and substance K in the canine gastrointestinal tract and 



4 



their possible role in inflammatory bowel disease. Neuroscience 25: 817- 
838, 1988. ~ 

26. Popper, P., Mantyh, C.R., Vigna, S.R., Maggio, J.E., and Mantyh, P.W.: The 

localization of sensory nerve fibers and receptor binding sites for sensory 
neuropeptides in canine mesenteric lymph nodes. Peptides 9* 257-267, 
1988. 



27. Mantyh, C.R., Gates, T.S., Zimmerman, R.P., Welton, M.L, Passaro Jr., E.P., 

Vigna, S.R., Maggio, J.E., Kruger, L, and Mantyh, P.W.: Receptor 
binding sites for substance P, but not substance K or neuromedin K, are 
expressed in high concentrations by arterioles, venules and lymph 
nodules in surgical specimens obtained from patients with ulcerative 
colitis and Crohn disease. Proc. Natl. Acad. Sci. USA 85: 3235-3239, 
1988. 

28. Gates, T.S., Zimmerman, R.P., Mantyh, C.R., Vigna, S.R., Too, H.P., Maggio, J.E., 

Welton, M.L, Passaro Jr., E. P., and Mantyh, R.W.: Substance P and 
substance K receptor binding sites in the human gastrointestinal tract: 
Localization by autoradiography. Peptides 9: 1207-1220, 1988. 

29. Mantyh, C.R., Gates, T., Zimmerman, R.P., Kruger, L, Maggio, J.E., Vigna, S.R., 

Basbaum, A.I., Levine, J., and Mantyh, P.W.: Alterations in the density of 
receptor binding sites for sensory neuropeptides in the spinal cord of 
arthritic rats. In: The Arthritic Rat as a Model of Clinical Pain? (Besson, 
J.M., and Guilbaud, G., Eds.), Excerpta Medica International Congress 
Series 837, Elsevier Science Publishers, Amsterdam, pp. 139-152, 1988. 

30. Mantyh, P.W., Gates, T.S., Mantyh, C.R., and Maggio, J.iE.: Autoradiographic 

localization and characterization of tachykinin receptor binding sites in the 
rat brain and peripheral tissues. J. Neurosci. 9: 258-279, 1989. 

31. Too, H.P., Cordova, J.L, and Maggio, J.E.: Heterogeneity of tachykinin peptides 

in the rat spinal cord and dorsal root ganglia. Peptides 10: 25-30, 1989. 

32. Mantyh, P.W., Johnson, D.J., Boehmer, C.G., Catton, M.D., Vinters, H.V., Maggio, 

J.E., Too, H.P., and Vigna, S.R.: Substance P receptors are expressed 
by glia in vivo after neuronal injury. Proc. Natl. Acad. Sci. USA 86: 5193- 
5197, 1989. 

33. Mantyh, P.W., Catton, M.D., Boehmer, C.G., Welton, M.L, Passaro Jr., E.P., 

Maggio, J.E., and Vigna, S.R.: Receptors for sensory neuropeptides in 
human inflammatory diseases: Implications for the effector role of sensory 
neurons. Peptides 10: 627-645, 1989. 

34. Vigna, S.R., Mantyh, C.R., Soli, A.H., Maggio, J.E., and Mantyh, P.W.: Substance 

P receptors on canine chief cells: Localization, characterization, and 
function. J. Neurosci. 9: 2878-2886, 1989. 

35. Too, H.P., Cordova, J.L, and Maggio, J.E.: A novel radioimmunoassay for 

neuromedin K. I. Absence of neuromedin K-like immunoreactivity in 
guinea-pig ileum and urinary bladder. II. Heterogeneity of tachykinins in 
guinea pig tissues. Regul. Peptides 26: 93-105, 1989. 



5 



36. Guard, S., Watson, S.P., Maggio, J.E., Too, H.P., and Watling, K.J.: 

Pharmacological analysis of [ 3 H]-senktide binding to NK 3 tachykinin 
receptors in guinea-pig ileum longitudinal muscle-myenteric plexus and 
cerebral cortex membranes. Brit. J. Pharmacol. 99: 767-773, 1990. 

37. Too, H.P., and Maggio, J.E.: Immunocytochemical localization of neuromedin K 

(neurokinin B) in rat spinal cord and ganglia. Peptides 12: 431-443, 
1991. 

38. Mantyh, P.W., Catton, M., Maggio, J. E., and Vigna, S.R.: Alterations in receptors 

for sensory neuropeptides in human inflammatory bowel disease. Adv. 
Exptl. Medicine Biol. 298: 253-283, 1991. 

39. Mantyh, P.W., Catton, M.D., Allen, C.J., Labenski, M.E., Maggio, J.E., and Vigna, 

S.R.: Receptor binding sites for cholestokinin, galanin, somatostatin, 
substance P and vasoactive intestinal polypeptide in sympathetic ganglia. 
Neuroscience 46: 739-754, 1992. 

40. Maggio, J.E., Stimson, E.R., Ghilardi, J.R., Allen, C.J., Dahl, C.E., Whitcomb, D.C., 

Vigna, S.R., Vinters, H.V., Labenski, M.E., Mantyh, P.W.: Reversible in 
vitro growth of Alzheimer disease beta-amyloid plaques by deposition of 
labelled amyloid peptide. Proc. Natl. Acad. Sci. USA 89: 5462-5466, 
1992. 

41. DeBin, J.A., Maggio, J.E., Strichartz, G.R.: Purification and characterization of 

chlorotoxin, a chloride channel ligand from the venom of the scorpion. 
Amer. J. Physiol. 264: C361-C369, 1992. 

42. Mantyh, P.W., Stimson, E.R., Ghilardi, J.R., Allen, C.J., Dahl, C.E., Whitcomb, 

D.C., Vigna, S.R., Vinters, H.V., Labenski, M.E., Maggio, J.E.: Reversible 
in vitro growth of Alzheimer disease ft-amyloid plaques. Bull. Clin. 
Neurosci. 56: 73-85, 1992. 

43. Allen, C.J., Ghilardi, J.R., Vigna, S.R., Mannon, P.J., Taylor, I.L, McVey, D.C., 

Maggio, J.E., Mantyh, P.W.: Neuropeptide Y/Peptide YY receptor binding 
sites in the heart: Localization and pharmacological characterization. 
Neuroscience 53: 889-898, 1993. 

44. Mantyh, P.W., Ghilardi, J.R., Rogers, S., DeMaster, E., Allen, C.J., Stimson, E.R., 

and Maggio, J.E. Aluminum, iron, and zinc ions promote aggregation of 
physiological concentrations of fi-amyloid peptide. J. Neurochem. 61: 
1171-1174, 1993. 

45. Liu, H., Brown, J.L, Jasmin, L, Maggio, J.E., Vigna, S.R., Mantyh, P.W., and 

Basbaum, A.I.: Synaptic relationship between substance P and 
substance P receptor: Light and electron microscopic characterization of 
the mismatch between neuropeptides and their receptors. Proc. Natl. 
Acad. Sci. USA 91.: 1009-1013, 1994. 

46. Pappenheimer, J.R., Dahl, C.E., Karnovsky, M.L, and Maggio, J.E.: Intestinal 

absorption and excretion of octapeptides composed of D-amino acids. 
Proc. Natl. Acad. Sci. USA9V. 1942-1945, 1994. 



47. Mantyh, C.R Vigna S.R Magg.o, J.E Mantyh, P.W., Bollinger, R.R., and 

iScmS^J^T^ P ?' • *■"! sites on intestin ^ lymphoid 
toSfntJ mT? ?£* V f SSe,S K, ,n ,nfla 7™at°ry bowel disease correspond 
to authentic NK-1 receptors. Neurosci. Lett. 178: 255-259, 1994. 

48. Blanton, M P U Y -M., Stimson E.R. Maggio, J.E., and Cohen, J.B.: Agonist- 

induced photoincorporation of a p-benzoylphenylalanine derivative of 
substance P into the M2 region of the Torpedo nicotinic a^tvlchoHne 
receptor 6-subunit. Molec. Pharmacol. 46: 1048-1055, 19^ 

49. Li, Y.-M., Wingrove D.E, Too ^ H.P., Marnerakis, M., Stimson, E.R., Strichartz 

b.K, and Maggio, J.E.: Local anesthetics inhibit substance P bindino 
and evoked increases in intracellular Ca2+. Anesthesiology 82: 166-173, 

50. Li, Y.-M Marnerakis, M., Stimson, E.R., and Maggio, J.E.: Mapping peptide 

binding domains of the substance P (NK-1) receptor from P388D, cells 
with photolabile agonists. J. Biol. Chem. 270: 1213-1220, 1995 

51. Mantyh, P W., Rogers, S.D., Allen, C.J., Catton, M.D., Ghilardi, J.R Levin L A 

Maggio, J.E., and Vigna S.R.: G 2 -Adrenergic receptors are expressed by 
gha in vivo in the normal and injured central nervous system in the rat 
rabbit, and human. J. Neurosci. 15: 152-164, 1995. 

52. Too, H.P and Maggio, J.E.: Simultaneous extraction of RNA and peptides from 

tissues: Application to tachykinins. Peptides 16: 45-53, 1995. 

53. Brown, J L Liu, H.T., Maggio, J.E., Vigna, S.R., Mantyh, P.W., and Basbaum A I • 

Morphological characterization of substance P receptor-immunoreactive " 
Neurol S 356 ! ^-^Tl 995^ ^ trigeminal nucleus caiJ dalis. J. Comp. 

54. Lee, J.P. Stimso n E.R Ghilardi J.R. , Mantyh, P.W., Lu, Y.-A., Felix, A.M., 

Llanos, W., Behbm, A., Cummmgs, M., Van Criekinge, M., Timms W 
and Maggio, J I.E.: 'H NMR of Ap amyloid peptide congeners in water ' 
solution. Conformational changes correlate with plaque competence 
Biochemistry 34: 5191-5200, 1995. 
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2626, 1995. — 

56. Mantyh, P W., Rogers, S.D Allen, C.J., Catton, M.D., Ghilardi, J.R., Levin LA 
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Gastroenterology 109: 850-860, 1995. 
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A.I., Vigna, S.R., Maggio, J.E., and Simone, D.: Receptor endocytosis 
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stimulation. Science 268: 1629-1632, 1995. 

59. Malherbe, P., Richards, J.G., Martin, J.R., Bluthmann, H., Maggio, J.E., and Huber, 
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familial Alzheimer's Disease missense mutations. Neurobiol. Aging, in 
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60. Esler, W.P., Stimson, E.R., Jennings, J.M., Ghilardi, J.R., Mantyh, P.W., and 

Maggio, J.E.: Zinc-induced aggregation of human and rat 0-amyloid 
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61. Wu, G., Miller, K.W., and Maggio, J.E.: Some batches of AB(25-35) fail to 
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62. Esler, W.P., Stimson, E.R., Ghilardi, J.R., Vinters, H.V., Lee, J.P., Mantyh, P.W., 

and Maggio, J.E.: In vitro growth of Alzheimer's disease 3-amyloid 
plaques displays first order kinetics. Biochemistry 35: in press, 1996. 

63. Mantyh, P.W., Rogers, S., Ghilardi, J.R., Maggio, J.E., and Vigna, S.R.: 

Differential expression of two isoforms of the neurokinin-1 receptor in vivo. 
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64. Mantyh, C.R., Pappas, T.N., Lapp, J.A., Washington, M.K., Neville, L.M., Ghilardi, 
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66. Sandberg, B.E.B., Hanley, M.R., Iversen, LL, Maggio, J.E., Pinnock, R.R.D., and 

Watson, S.P.: Substance P: Inactivation in CNS, enzymatically resistant 
analogue and development of 'brain-selective' agonist. In: Peptides 1 982 
(Blaha, K., and Malon, P., Eds.), Walter de Gruyter, Berlin, pp. 535-542, 
1983. 

67. Iversen, L.L., Watson, S.P., Sandberg, B.E.B., Hunter, J.C., and Maggio, J.E.: 

Biochemical pharmacology of substance P. In: Perspectives of 
Neuroscience: From Molecule to Mind (Tsukada, Y., Ed.), University of 
Tokyo Press, Tokyo, pp. 3-17, 1985. 
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68 Maggio, J.E.: "Kassinin" in mammals: The newest tachykinins. Peptides 6(SuppI. 

3): 237-243, 1985. 

69 Maggio, J.E.: Tachykinins. Anna Rev. Neurosci. 11; 13-28, 1988. In: Annual 

Review of Neuroscience. Vol. 1 1 (Cowan, W.M., Ed.), Annual Reviews, 
Palo Alto, 1988. 

70. Welton, M.L., Mantyh, C.R., Gates, T., Popper, P., Vigna, S.R., Maggio, J.E., 

Passaro Jr, E.P., and Mantyh, P.W.: Localization of bombesin receptors 
in the human gastrintestinal tract using quantitative receptor 
autradiography. In: Bombesin-like Peptides in Health and Disease, New 
York Academy of Science, New York, 1988. 

71 Maggio, J. E., and Mantyh, P.W.: Gut tachykinins. In: Handbook of Physiology. 
Section 6: The Gastrointestinal System. Volume II. Neural and 
Endocrine Biology (Makhlouf, G., Ed.), American Physiological Society, 
Bethesda, pp. 661-690, 1989. 

72. Gates, T., Zimmerman, R., Mantyh, C, Vigna, S., Welton, M., Passaro, Jr., E 

Maggio, J.E., Kruger, L, and Mantyh, P.W.: Receptor binding sites for 
substance P are ectopically expressed in high concentrations by 
arterioles, venules, and lymph nodules in surgical specimens obtained 
from patients with inflammatory bowel disease. In: Inflammato ry Bowel 
Disease: Current Status and Future Approach (MacDermott, R.P., Ed.), 
Elsevier, Amsterdam, pp. 37-42, 1989. 

73. Mantyh, P.W., Vigna, S.R., and Maggio, J.E.: Assays for substance P and 

tachykinin receptors. In: Methods in Neuroscie nce. Volume 5. 
Neuropeptide Technology (Conn, P.M., Ed.), Academic Press, Orlando, 
pp. 404-425, 1991. 

74 Too H P., and Maggio, J.E.: Radioimmunoassay of tachykinins. In: Methods in 
Neuroscience. Volume 6. Neuropeptide Technology (Conn. P.M.. Ed.), 
Academic Press, Orlando, pp. 232-247, 1991. 

75. Mantyh, P.W., Vigna, S.R., and Maggio, J.E.: Tachykinin receptor involvement in 
pathology and disease. In: The Tachykinin Receptors (Buck, S.H., Ed.), 
Humana Press, 1994, pp. 581-610. 

76 Maggio, J.E., and Mantyh, P.W.: History of tachykinins. In: The Tachykinin 

Receptors (Buck, S.H., Ed.), Humana Press, 1994, pp. 1-21. 

77 Maggio J.E., Esler, W.P., Stimson, E.R., and Jennings, J.M.: Zinc and Alzheimer's 

disease (Technical Comment). Science 268: 1920-1921, 1995. 



PATENT 

Maggio J E and Mantyh, P.W.: Labelled beta-amyloid peptides and methods of 

screening for Alzheimer's disease. U.S. Patent 5,434,050 (issued July 
1995). 
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Williams, D.H., Hunter, J.C., and Hanley, M.R.: A novel tachykinin in 
mammalian spinal cord. Irish J. Med. Sci. 152(SuppI. 1) : 45, 1983. 

A2. Sandberg, B.E.B., Maggio, J.E., and Bishai, W.R.: A conformational approach to 
structure-activity studies of substance P. Irish J. Med. Sci. 152(SuppI. H : 

54, 1 983. 

A3. Maggio, J.E., and Hunter, J.C.: Kassinin-like immunoreactivity in mammalian CNS 
Neurosci. Lett. Suppl. 14: S230, 1983. 

A4. Maggio J.E., Hunter, J.C., Sandberg, B.E.B., Iversen, L.L., and Hanley, M R ■ 
Substance K: A novel tachykinin in mammalian CNS. Soc Neurosci 
Abst. 9: 17, 1 983. 

A5. Maggio, J.E., Deutch, A.Y., Bannon, M.J., Tarn, S.-Y., Zamir, N., and Roth R H • 
Stress affects DOPAC, substance P and substance K in the A10 but not 
A9 regions. Soc. Neurosci. Abst. 10: 1123, 1984. 

A6. Hunter, J.C., and Maggio, J.E.: Kassinin-like immunoreactivity in central and 
peripheral tissues of the rat and cat. In: Substance P: Metabolism and 
Biological Actions (Jordan, C.C., and Oehme, P., Eds.), Taylor and 
Francis, London, p. 206, 1984. 

A7. Maggio, J.E., Mantyh, C.R., and Mantyh, P.W.: Tachykinin receptors in mammals 
Soc. Neurosci. Abst. 11; 415, 1985. 

A8. Mantyh, C.R., Brecha, N.C, Maggio, J.E., and Mantyh, P.W.: Localization of 

specific binding sites for atrial natriuretic factor in the guinea pig periphery 
and central nervous system. Intl. Symp. Neural Endocrine Peptides 
Receptors 5: 99, 1985. 

A9. Lee, J.-M., Maggio, J.E., McLean, S., and Bannon, M.J.: The localization, 

characterization and pharmacological responsiveness of substance P and 
substance K in striatonigral neurons. New Engl. Pharmacol. 14: 39, 1985. 

A10. Welton M.L., Mantyh, C.R., Passaro, E., Vigna, S.R., Maggio, J.E., and Mantyh 
P.W.: The distribution of substance P and substance K receptors in the ' 
human colon and antrum. Am. Coll. Surg., 1987. 

A11. Welton M L, Mantyh, C.R., Passaro, E., Vigna, S.R., Maggio, J.E., and Mantyh, 
P.W.: Tachykinin receptors in the human gastrointestinal tract: Use of 
surgical specimens to probe the pathophysiology of inflammatory diseases 
of the bowel. Am. Gastrointest. Assoc., 1987. 

A12. Vigna, S.R., Mantyh, C.R., Soli, A.H., Maggio, J.E., and Mantyh, P.W.: 

Characterization of substance P receptors on chief cells. Center Ulcer 
Res. Educ, UCLA Symp. Gl Tract, 1987. 
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A13. Mantyh, C.R., Vigna, S.R., Popper, P., Maggio, J.E., Welton, M.L., Passaro E P 

Jr., and Mantyh, P.W.: Substance P receptors may be involved in the 

pathophysiology of inflammatory bowel disease. Soc. Neurosci Abst 13- 
1476,1987. ' 

A14. Popper, P., Mantyh, S.R., Maggio, J.E., and Mantyh, P.W.: The localization of 
receptor binding sites for sensory neuropeptides and sensory nerve fibers 
in lymph nodes. Soc. Neurosci. Abst. 13: 1379, 1987. 

A15. Mantyh, P.W., Mantyh, C.R., Popper, P., Vigna, S.R., Kruger, L, Basbaum, A.I., 
Levine, J.D., and Maggio, J.E.: Receptors for sensory neuropeptides may 
be involved in the pathophysiology of rheumatoid arthritis. Soc. Neurosci 
Abst. 13: 563, 1 987. 

A16. Berde, C.B., Chang, H.M., Steward, G.E., Holz, G.G., Maggio, J.E., and Kream 
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like immunoreactivities in central and peripheral tissues of the rabbit 
Gastroentrology 98: A327, 1990. 
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A32. Mantyh, P.W., and Maggio, J.E.: Substance P and the tissue response to injury. 
Reaul. Peptides 1992 (Supp. 1) : S19. 1992. 
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AFFILIATIONS : 

American Chemical Society 

Society for Neuroscience 

International Brain Research Organization 

American Association for the Advancement of Science 

Foundation for Biomedical Research 

American Peptide Society 

International Neuropeptide Society 

Boston Area Neuroscience Group 



COMPETITIVE SUPPORT : 

Science and Engineering Research Council, UK (1981-82) 

National Science Foundation (1982) 

Muscular Dystrophy Association (1 983-84) 

North Atlantic Treaty Organization (1982) 

National Institute of Neurological Disorders & Stroke (1985-1994) 

Milton Fund of Harvard University (1989) (1994) 

National Institute of General Medical Sciences (1 988-1 993)(1995-date ACTIVE) 
Institute of Chemistry in Medicine/Hoffmann-La Roche (1 992-date ACTIVE) 
American Health Assistance Foundation (1994-date, ACTIVE) 
National Institute of Aging (1995-date, ACTIVE) 



TRAINING PROGRAMS (Nim at Harvard Medical School: 
Pharmacological Sciences (Associate) 
Endocrinology (Associate, Executive Committee) 
Neuroscience (Associate, Admissions, Appointments, Steering Committee) 
Developmental Neurology (Associate) 
Molecular Biophysics (Associate) 
Neurological Sciences Academic Development (Associate) 
Biological Sciences in Public Health (Associate) 



LOCAL COMMITTEES : 

Dr. Maggio has served on and chaired a wide range of departmental, program 
medical school, and university committees, such as: Faculty Search, 
Admissions, Facilities, Thesis Advisory, Qualifying/Preliminary Examination, 
Prize, Curriculum, Thesis Defense, Course Planning, Steering, Executive 
Criteria, Etc. See Service. 
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TEACHING EXPERIENCE : 

Mathematics (undergraduate) 

Organic Chemistry (undergraduate) 

Biochemistry (undergraduate, graduate, medical)* 

Neuropharmacology (graduate, medical)* 

Membranes, Receptors and Signal Transduction (graduate)* 

Pharmacology (graduate, medical) 

Biological Chemistry and Molecular Pharmacology (graduate)* 
Conduct of Science (graduate) 
Membrane Structure & Function (graduate)* 
*Course Director or Co-Director 



PEER REVIEW EXPERIENCE : 

NIH Study Sections (ad hoc, Reviewers Reserve): 

Experimental Cardiovascular Sciences (ECS, 4/87) 
Small Business Innovation Research (SSS-7/E, 3/88) 
AIDS and Related Research (ARR-5, 12/88) 

Neurological Sciences (NLS-1, 6/90, 10/90, 6/91, 10/91, 10/92, 10/93, 
10/94) 

Neurology (NEUB-1, 6/95) 

NSF Applications (ad hoc) 

Journals (ad hoc): 

Am. J. Pathol., Am. J. Physiol., Anal. Biochem., Anesthesiology, 
Biochemistry, Biochem. Biophys. Acta, Brain Res., Cancer Res., FEBS 
Lett., Gastroenterology, J. Biol. Chem., J. Chem. Neuroanat., J. Lab. Clin. 
Med., J. Neurochem., J. Neuroimmunol., J. NeuroscL, Lab. Invest., 
Nature, Neurobiol. Aging, Peptides, Pharmacol. Rev., Proc. Natl. Acad. 
ScL USA, Protein Sci., Regul. Peptides, Trends NeuroscL 



BRIEF PROFESSIONAL BIOGRAPHY : 

Dr. Maggio's graduate work included research on noncovalent interactions, 
organic synthesis, reaction mechanisms, biological control, NMR spectroscopy, and 
biochemistry under the mentorship of Jean-Marie Lehn, Robert B. Woodward, and 
(principally) Konrad E. Bloch. He received the Ph.D. in Organic Chemistry from 
Harvard University in 1981. His postdoctoral research on various aspects of 
neuropeptides and neuropeptide receptors was carried out at the Medical Research 
Council and the University of Cambridge, UK, with Leslie L. Iversen and Dudley H. 
Williams; and later at Yale University School of Medicine with Robert H. Roth. He 
joined the faculty of Harvard Medical School in 1985, and is presently Associate 
Professor of Biological Chemistry and Molecular Pharmacology. 



RESEARCH INTERESTS j , 

The bioactive peptides are the largest and least understood class of 
intercellular messengers, carrying out a diverse set of functions in a wide variety of 
systems. Understanding bioactive peptides and their receptors, in the nervous system 
and elsewhere, is the general research goal in our group. 

One system of interest is the tachykinin (substance P) family of peptides and 
receptors, which are involved in transmission of primary afferents and thus in pain and 
neurogenic inflammation. As the primary structures of both the ligands and their 
receptors are known, an excellent model system for peptide-protein interactions in 
signalling is available. Recently we have identified through photoaffinity labelling 
which regions of the peptide substance P interact with which regions of its G-protein- 
coupled receptor, a protein whose expression is upregulated a thousand-fold in some 
inflammatory diseases. Radioactive, fluorescent, and antibody probes of these 
receptors allow studies of desensitization and internalization in vivo and in vitro. 

Another system under investigation is the process of amyloid formation in 
Alzheimer's disease (AD) and other amyloidoses. The characteristic lesion of AD is 
brain senile plaques formed mainly of the human amyloid peptide Afi, a «40-mer which 
occurs naturally in normal as well as AD brain. By reconstituting plaque growth 
(deposition of Aft at physiological concentrations onto authentic plaques) in vitro, we 
can characterize the process and identify conditions and components which enhance 
or inhibit its kinetics. Structure/activity studies have identified ammo acids critical for 
amyloid deposition and active peptide analogues suitable for high resolution structure 
determination by nuclear magnetic resonance spectroscopy. The latter studies have 
further identified conformational elements essential to plaque deposition 

Another interest is the characterization of novel bioactive peptides from 
natural sources. A particularly rich source is the skin venom of certain neotropical 
frogs The peptides found here include antibiotics and toxins as well as close analogs 
of discovered and yet undiscovered mammalian neuropeptides. 



REFERENCES available on request. 
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ft AND CARRIED 

PATENT 

GAUTVIK 3.0-001 FWC CIP CONT FWC DIV 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re patent application of 
Gautvik et al. 

Serial No. 08/340,664 

Filed: November 16, 1994 

For: PRODUCTION OF HUMAN PARATHYROID 
HORMONE FROM MICROORGANISMS 



Group Art Unit: 1812 

Examiner: L. Spector 
Date: March 7, 1996 



Assistant Commissioner for Patents 
Washington, D. C. 20231 



EXTENSION PETITION 



Sir: 



The undersigned attorney respectfully petitions for a 
three month extension of time to reset the deadline for 
response to the Office Action in the above-identified 
application from December 8, 1995, to and including March 8, 
1996. Applicant's Re ply and Amendment is enclosed herewith. 

A check in the amount of S900. 00 is enclosed. In the 

event that there are any fees due and owing, the Examiner is 

authorized to charge our Deposit Account No. 12-1095. 

Respectfully submitted, 

LERNER, DAVID, LITTENBERG, 
KRUMHOLZ & MENTLIK 



MICHAEL H. TESCHNER 
Reg. No. 32,862 



600 South Avenue West 
Westfield, NJ 07090 
Telephone (908) 654-5000 
Facsimile (908) 654-7866 



HAND CARRIED 

PATENT 

GAUTVIK 3.0-001 FWC CIP CONT FWC DIV 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re patent application of 
Gautvik et al. 

U.S. Serial No.: 08/340,664 

Filed: November 16, 1994 

For: PRODCUTION OF HUMAN PARATHYROID 
HORMONE FROM MICROORGANISMS 



Group Art Unit: 1812 
Examiner: L. Spector 
Dated: March 7, 1996 



Assistant Commissioner For Patents 
Washington, D.C. 20231 

Sir: 

Transmitted herewith is an amendment in the above-identified application. The fee has been 
calculated as shown below. 



CLAIMS AS AMENDED 



(1) 

CLAIMS 
REMAINING 
AFTER AMNDT. 



(2) 



(3) 



HIGHEST NO.* 

PREVIOUSLY PRESENT ADD'L 
PAID FOR EXTRA RATE FEE 



TOTAL 
CLAIMS 

INDEP. 
CLAIMS 



21 MINUS ** 20 



8 MINUS *** 9 



1 



$ 22 = $ 22.00 



FEE FOR FIRST PRESENTATION OF 
MULTIPLE DEPENDENT CLAIM(S) 



0 x $ 78 = $ 0.00 



$250 = $ 0.00 



TOTAL ADDITIONAL FEE 
FOR THIS AMENDMENT... 



. $ 22.00 



* If the entry in col. 1 is less than entry in col. 2, write "0 M in col. 3. 
** If the entry in col. 2 is less than 20, write "20" in col. 2. 
*** If the entry in col. 2 is less than 3, write "3" in col. 2. 

1. ( ) No additional fee is required. 

2. (X) A check in the amount of $22.00 is attached. 

3. ( ) Charge $ to Deposit Account No. 12-1095, A 

duplicate copy of this sheet is enclosed. 

4. (X) Please charge any additional fees or credit overpayment to Deposit 

Account No. 12-1095. A duplicate copy of this sheet is enclosed. 

LERNER, DAVID, LITTENBERG, 
KRUMHOLZ & MENTLIK 




Reg. No. 32,862 



600 South Avenue West 
Westfidd, New Jersey 07090 
Telephone: (908) 654-5000 
Facsimile: (908) 654-7866 
LB 
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HAND CARRIED 

PATENT 

GAUTVIK 3.0-001 FWC CIP CONT FWC DIV 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re patent application of 
Gautvik et al. 

Serial No. 08/340, 664 

Filed: November 16, 1994 

For: PRODUCTION OF HUMAN 

PARATHYROID HORMONE FROM 
MICROORGANISMS 



Group Art Unit: 1812 
Examiner: L. Spector 
Date: March 7, 1996 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

REPLY AND AMENDMENT 

In complete response to the Official Action mailed 
September 8, 1995, please amend the application identified in 
the caption as follows: 
IN THE CLAIMS 

Please amend the claims as follows: 

1. (Amended) Essentially pure , intact, recombinant 

hPTH. 

Please cancel claims 2-5, 11, 13 and 15 without 
prejudice or disclaimer. 

Please add the following claims: 

21. The essentially pure, intact, recombinant hPTH 
of claim 1 wherein said hPTH possesses biological activity 
substantially equivalent to naturally occurring hPTH. 

22. The essentially pure, intact, recombinant hPTH 
of claim 1 wherein said hPTH exhibits a maximal response which 
is greater than that which can be achieved by synthetic hPTH. 

23. An essentially pure, intact hPTH obtained by 
expressing hPTH in a genetically engineered microorganism and 
purifying said hPTH. 

24. The essentially pure, intact hPTH of claim 23, 
wherein said hPTH possess biological activity essentially 
equivalent to naturally occurring hPTH. 

25. An essentially pure, intact hPTH of claim 23, 
wherein said genetically engineered microorganism is £. coii. 
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26. The essentially pure, intact hPTH of claim 23, 
wherein the genetically engineered microorganism is yeast. 

27. An intact, recombinant hPTH which is fully 
active in an adenylate cyclase assay. 

28. The intact, recombinant hPTH of Claim 27 wherein 
said hPTH is essentially pure. 

IN THE TITLE 

Please delete the current title "Production of Human 
Parathyroid Hormone From Microorganisms" and insert in place 
thereof, — Human Parathyroid Hormone. — 
IN THE SPECIFICATION 

Please amend the specification as follows: 

On Page 1, please delete line 20 beginning with the 
; word "This" through line 23, ending with the word "abandoned." 
! On Page 1, line 6, after "1993", insert — now U.S. 

Patent No. 5, 420, 242 issued May 30, 1995—. 

On Page 1, line 7, after "1993", insert — , now 
abandoned — . 

On Page 8, line 25, please delete "Figure 8. 
! Analysis" an insert — Figures 8a-8c show analysis — . 

On Page 9, line 1, please delete "Figure 9. 
Purification" and insert in place thereof — Figures 9A - 9D 
show the purification — . 

On Page 9, line 28, please delete "Figure 13. Purity" 
and insert in place thereof — Figures 13A and B show the 
purity-,-. 

Remarks 

Entry of the foregoing and reexamination and 
reconsideration of the above captioned application, as amended, 
pursuant to and consistent with 37 C.F.R. § 1.112, and in light 
; of the remarks which follow, are respectfully requested. 
| As a preliminary matter, the undersigned and Mr. 

! Bruce Sales, Applicants 1 legal representatives, wish to thank 
\ Dr. Spector for the. courtesies extended by her during an 
! interview in her office on February 21, 1996. During that 
I interview, the undersigned explained the deficiencies of the 
j isolation and synthetic techniques described in the art 
! identified by the Examiner in the Official Action. The 
: undersigned also presented evidence in the form of photographs 
| of electrophoretic gels showing the difference in purity 
j* 
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between recombinant hPTH produced in accordance with the 
present invention and synthetically produced materials. The 
Examiner was also shown a copy of a 1994 article in the 
refereed journal Peptides showing direct in vitro and in vivo 
comparative evidence between the recombinant hPTH of the 
present invention and the best synthetically produced material 
available today. 

The Examiner acknowledged that such evidence was 
persuasive of differences between the claimed subject matter 
and the art of record. 

Applicants also provided the Examiner with a copy of 
some draft claims and requested the Examiner's comments 
regarding same. The Examiner will note that in the draft 
claims presented during the interview, claim 1 was canceled in 
favor of claim 3. However, in the amendment proffered hereby, 
claim 1 is retained while claim 3 is canceled. The reason for 
this change is that the term "essentially pure" recited in 
claim 1 finds literal support in the specification at least at 
page 7, line 25 and is defined in the paragraph preceding that 
line. The term also finds implicit and inherent support 
throughout the specification, and in particular, Example 8, pg. 
19, lines 7-10, pg. 5, lines 1-6, pg. 3, lines 17-24, pg. 4, 
lines 15-19, pg. 14, lines 9-14 and pg. 34, line 20 through pg. 
35, line 5 to cite but a few passages. Applicants believe that 
the terms "substantially pure" and "essentially pure" are 
interchangeable in the context of the present invention. 
Therefore, Applicants have opted to elect a claim which finds 
literal support within the specification. This is consistent 
with comments made by the Examiner during the interview 
regarding identifying support for claimed terms. 

Consistent with the foregoing, claims 23, 24, 25 and 
26 have also been changed from "substantially" to 
"essentially". Literal support for newly added claims 27 and 
28, not presented at the interview, can be found in the 
specification at page 7, lines 32-35. Again, however, implicit 
support is found throughout the specification, and in 
particular, at Example 8, pg. 19, lines 7-10, pg. 5, lines 1-6, 
pg. 3, lines 17-24, pg. 4, lines 15-19, pg. 14, lines 9-14 and 
pg. 34, line 20 through pg. 35, line 5. Applicants also 
respectfully submit that claims 23, 24, 25 and 26 are supported 
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throughout in the specification as a whole, and in particular 
at pg. 7 lines 32-35. Claims 21, 22 and 24 now depend from 
claim 1. 

Turning to the Official Action, Applicants first 
acknowledge the Examiner's designation of the Restriction 
Requirement as being "Final". 

The specification was objected to 

37 C.F.R. § 1.75(d)(1) and M.P.E.P. § 608.01(1). The Examiner 
indicated that correction of the specification was required as 
there was no antecedent basis in the specification for the 
claim recitations 90% or 95% purity. Applicants respectfully 
submit that there is literal support for these terms. 
Nonetheless, as the claims at issue have been canceled hereby, 
the objection is believed to be moot. Should the Examiner 
consider it helpful for Applicants to identify where in the 
specification such literal language can be found, Applicants 
are willing to do so. 

The Examiner also objected to the title of the 
invention as not being sufficiently descriptive. Accordingly, 
• Applicants have deleted the title and proffered a new title 
which identifies the subject matter of the claimed invention. 
Should the Examiner require additional corrections, Applicants 
would appreciate the Examiner's assistance in drafting a title 
which is sufficiently descriptive. 

The Examiner has asked that the status of all 
applications to which references are made in the first 
j paragraph of the application be updated and has suggested that 
| the information on page 1, lines 20-23 is duplicative of the 
j first paragraph. The Examiner is correct. The duplicative 
| passages have been deleted. The status of the applications 
j! identified in the first paragraph on page 1 has been updated. 

The Examiner objected to certain of the Brief 
Descriptions of the Drawings noting that they should reflect 
each individual panel of each figure. Appropriate corrections 
| have been made. Should the Examiner require any additional 
I change thereto, Applicants would request the Examiner's 
| assistance in identifying specific language which would be 
I considered acceptable. 

i Applicants also acknowledge the Examiner's objections 

I to Figs. 6, 7 and 10. Applicants will offer such corrections 
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as are necessary once there has been an indication of allowable 
subject matter. Should this present a problem, Applicants 
respectfully request that the Examiner so ' inform the 
undersigned and expedited steps will be taken to address the 
figures. 

Claims 1-5, 11, 13 and 15 stand rejected pursuant to 
the judicially created doctrine of obviousness-type double 
patenting as being unpatentable over claim 6 of U.S. Patent No. 
5,010,010. Applicants will not traverse the rejection and 
instead will offer, once allowable subject matter is indicated, 
a properly executed terminal disclaimer. U.S. Patent No. 
5,010,010 is commonly assigned with this application. 
Accordingly, a terminal disclaimer should, at least 
provisionally, render moot the double patenting rejection. 
Should the Examiner require the submission of a terminal 
disclaimer prior to an indication of allowable subject matter, 
Applicants will attempt to expedite same. The Examiner's 
indulgence with regard to the filing of such formal papers is 
appreciated since the inventors and assignees of the 
application reside outside the United States. 

The Official Action contained a number of specific 
objections and rejections pursuant to 35 U.S.C. § 112, 1st and 
2d paragraphs. Applicants believe that the claims, as amended, 
render moot those objections and rejections. Specifically, 
Applicants have amended the application so that it no longer 
claims "a synthetic" peptide and no longer claims both an 
"essentially pure" and a "substantially pure" peptide. 
Applicants have also amended the product-by-process claims so 
that they now explicitly require a purification step. Again, 
should the Examiner have any specific questions with regard to 
any of the language used in the claims, she should feel free to 
contact the undersigned. 

The claims, prior to amendment, were rejected 
pursuant to 35 U.S.C. § 102(b) over Kumagaye et al . , Klmura et 
al., Fairwell et al . and Brewer et al . The saine claims were 
rejected over the same four references, when considered 
pursuant to 35 U.S.C. § 103. Applicants respectfully traverse 
these rejections as applied to the amended claims. 

As discussed during the interview, and for the 
convenience of the Examiner, Applicants will keep their 
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comments with regard to the prior art to a minimum. Instead, 
Applicants respectfully request that the Examiner consider the 
detailed comments of Dr. John Maggio and Dr. Kaare M. Gautvik 
contained in their concurrently filed declarations. As 
appropriate, Applicants have referenced the pertinent 
paragraphs of the declarations to their discussion. Of course, 
if the Examiner has any questions regarding the declarations or 
requires further comments of Applicants, she should contact the 
undersigned. 

Brewer et al . relate to the isolation of, primarily, 
the 34 amino acid N-terminal region of hPTH. Brewer et al . do 
not teach a recombinant product. (Maggio Decl. 1 9). 
Moreover, Fig. 1 of Brewer et al. contain three errors in the 
amino acid of the first 34 amino acids. (Maggio Decl. 1 9). 
This calls into question whether or not Brewer et al . actually 
produced an intact hPTH. (Maggio Decl. 1 9). The purification 
technique used by Brewer et al. was gel filtration followed by 
ion exchange chromatography. 

Kimura et a 1 . , a later-dated reference cited by the 
Examiner, clearly demonstrates that Brewer et al. 's 
purification techniques were inadequate. In Fig. 2, Kimura et 
al. show a chromatogram of hPTH from Brewer et al. purified by 
gel filtration and ion exchange chromatography. (Maggio Decl. 1 
9). Impurities are clearly evident. (Maggio Decl. 19). To 
obtain their own purification, Kimura et al. employed an 
additional reverse phase-high pressure liquid chromatography 
(RP-HPLC) step not employed by Brewer et al. The need for the 
RP-HPLC step further evidences the inadequacies of the Brewer 
et al. protocol. (Maggio Decl. 1 9). 

Fairwell et al . suffers from many of the same 
problems as Brewer et al . (Maggio Decl. 1 10). Like Brewer et 
al. f Fairwell et al. employed a separation protocol based on 
gel filtration followed by ion exchange chromatography. 
Therefore, Applicants' prior comments with regard to Kimura et 
al. are equally cogent here. (Maggio Decl. 5 10). Additionally, 
Fairwell et al . produced a point mutant of hPTH; Asp in 
position 76 instead of Asn. (Maggio Decl. 1 10). 

Kimura et al. do not teach essentially pure hPTH. In 
Kumagaye et al.,' which is a later paper by the Kimura et al. 
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group, the investigators acknowledged that " [t]oday, many 
peptides are synthesized by a solid-phase procedure and 
purified simply by a RP-HPLC system; the present results 
clearly indicate that the purification of synthetic peptides by 
RP-HPLC [the procedure used by Kimura et al . ] is not sufficient 
to obtain homogeneous products." Kumagaye et al. at 330. 
(Emphasis added) (Maggio Decl . 1 11). In fact/ Kimura et al. 
acknowledge that they were not able to resolve native hPTH from 
its Asp 76 point mutant. Kimura et al. at 498. 

Finally, Kumagaye et al v does not provide sufficient 
basis for one of ordinary skill in the art to conclude that 
essentially pure hPTH was produced. (Maggio Decl. 1 12) . 
Although Kumagaye et al. appears to have resolved hPTH from the 
Asp 76 point mutant, purity is not demonstrated. The results 
only mean that the Kumagaye et al. material was free of the 
Asp 76 point mutation. (Maggio Decl. I 12) . No other inference 
can be drawn. In fact, if an inference were to be drawn at 
all, the inference would be that the resulting material was not 
essentially pure because of the well-known problems associated 
with solid phase chemistry. (Maggio Decl. 11 12, 17) . 

During the interview, the Examiner acknowledged what 
the art recognized; namely, that there are significant impurity 
problems with synthetic, solid phase protocols such as those 
disclosed in Kumagaye et al . , Kimura et al . and Fairwell et al . 
Premature chain termination, omitted coupling steps, and double 
coupling steps are widely known and frequently occurring 
problems. (Maggio Decl. SI 15). See also Fairwell et al. at 
page 2691. In addition, synthetic protocols, including these 
employing the use of BOC chemistry, are known to produce 
racemization. (Maggio Decl. 1 14) . For example, Kimura et al. 
describe possible contamination by a D-Glu 22 containing peptide. 
The incidence of these types of impurities increases 
exponentially with the length of the peptide and a peptide of 
84 amino acids in length, such as hPTH is considered long, even 
by today's standards. (Maggio Decl. 11 14, 15 and 16). 
Therefore, those of ordinary skill in the art would expect the 
presence of impurities based on the type of solid phase 
chemistry employed in the references cited. (Maggio Decl, 1 
17). 
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Moreover, as those of ordinary skill in the art 
appreciate, unless all of the impurities produced possess a 
sufficient charge differential, they cannot be separated from 
intact hPTH using of the techniques described in the art of 
record. (Maggio Decl . 5 16). Consequently, one of ordinary 
skill in the art would be prone to speculate that the material 
produced in accordance with, for example, Kumagaye et al . , 
would contain many of these impurities, impurities which would 
co-elute with hPTH. (Maggio Decl. 5 17) . 

For the reasons just explained, Applicants believe 
that it would be improper for one to conclude that any of the 
references applied in the aforementioned Official Action teach 
or suggest the production of essentially pure hPTH. On that 
basis alone, Applicants believe that the various prior art 
rejections are fully met. Nonetheless, during the interview, 
the Examiner expressed her opinion that despite the references 1 
shortcomings, Applicants would still need to establish that the 
recombinant hPTH of the present invention was superior, in 
terms of its claimed attributes, when compared to synthetically 
produced material. 

The evidence necessary to establish the superiority 
of the present invention can be found in the exhibits attached 
to Dr. Gautvik's declaration and in the comments of Drs. 
Gautvik and Maggio. Again, for the convenience of the 
Examiner, Applicants will not belabor the record reexplaining 
that which is eloquently set forth by the declarants. Instead, 
the undersigned will merely summarize some of the more 
noteworthy points of the declarations. Should the Examiner 
feel that she would benef it - f rom further explanation, please 
contact the undersigned. 

All of the electrophoretic gels and data presented in 
the refereed Peptides paper, attached to Dr. Gautvik's 
declaration, were obtained using hPTH material produced in the 
mid- to late 1980s following the exact protocols disclosed in 
the above-captioned application. (Gautvik Decl. 5 5). The 
only purification steps used were those described in the 
application itself. (Gautvik Decl. 55 5, 10). Applicants 
respectfully submit that the continuing viability of that batch 
of material, over the many years since its recombinant 
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synthesis, speaks volumes with regard to its purity. (Gautvik 
Decl. SI 9) . 

As shown in Glossy 0 (Gautvik Decl. Ex. B) , hPTH 
produced in accordance with the present invention migrated as a 
single bright band. (Lane 2, second from the left) . 

Commercially available synthetic material from Sigma, shown in 
Lane 3 (third lane from left), includes two distinct bands of 
impurities of higher molecular weight than the hPTH of the 
present invention. (Gautvik Decl. I 6; Maggio Decl. 20). 
The relative intensities and breadth of the bands of impurities 
are significant because each lane was originally loaded with an 
identical amount of peptide material. (Maggio Decl. 1 20). 

Glossy III (Gautvik Decl. Ex. E) shows a comparison 
! between electrophoretic gel recombinant hPTH and what is 
considered to be the best available synthetic material from the 
supplier Bachem. The gel distinctly shows a smear of lower 
molecular weight impurities. (Maggio Decl. 21; Gautvik Decl. 
i 9). Additionally, Glossy II (Gautvik Decl. Ex. D) shows that 
even at a loading of 200 nanograms, very little Bachem material 
was discernible while strong, broad bands of recombinant 
material are clearly evident. (Maggio Decl. 1 22; Gautvik 
Decl. 18). 

Applicants draw the Examiner's attention to the paper 
entitled "Differences in Binding Affinities of Human PTH(l-84) 
Do Not Alter Biological Potency; a Comparison Between 
Chemically Synthesized Hormone, Natural Mutant Forms", Peptides 
(1994) Vol. 15, No. 7, pgs . 1261-1265 ("the Peptides paper ") , a 
! copy of which is attached to Dr. Gautvik f s declaration as 
| Exhibit F. This work, undertaken by Dr. Gautvik and his 
! coworkers, was published in 1994. This paper is significant 
I because of the consistency of the results reported with the 
| electrophoretic evidence just discussed. Moreover, as Dr. 
I Maggio points out in his declaration, the paper is greatly 
! pertinent because of its rigorous statistical treatment of the 
! subject matter (provision of 95% confidence intervals and its 
j repetitive testing in triplicate) and because of the variety of 
| testing methods utilized. (Maggio Decl. % 24). Coupled with the 
i variety of methods reported in the specification of the above- 
i captioned application, this article provides a high degree of 
! confidence with regard to the correlation between the gels, the 
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testing reported in the Peptides article and the testing 
reported in the application. 

Fig. 1 of the Peptides paper shows the inhibition of 
radiolabeled [Tyr 36 ] chicken PTHrP(l-36) amide by different 
hPTHs - As shown in the figure and as explained on page 12 64, 
chemically synthesized hPTH had a calculated binding affinity 
(Kd) of 18nM while the recombinant hPTH from both yeast and E. 
coli had a significantly lower apparent of 9.5nM. This 
represents an almost two fold difference between the binding 
affinity of the recombinant hPTH in accordance with the present 
invention when compared to the material tested — the best 
available synthetic material from Bachem. (Maggio Decl. 1 24). 
The provision of 95% confidence intervals further enhances the 
high statistical significance of this data. {Maggio Decl. 1 
24) . 

Biological activity also supports the purity of 
Applicant's hPTH. As shown in Fig. 2 and explained on page 12 64 
of the Peptides paper, the recombinant hPTH of the present 
invention has significantly higher biological activity compared 
to material produced by solid phase chemical synthesis. 
Specifically, the recombinant hormone exhibited an almost four 
fold increase in its ability to stimulate intracellular cAMP 
accumulation. The EC 50 values for synthetic hormone were 1 . 5nM 
while the recombinant material exhibited an EC 5 o of only 5.7nM. 
(Maggio Decl. I 25; Gautvik Decl. 5 12). Perhaps more 
importantly, and also as shown in Fig. 2, recombinant hPTH in 
accordance with the present invention achieved a higher maximal 
response or efficacy when compared to the best available 
synthetic material. (Maggio Decl. % 26; Gautvik Decl. 12). 
This means that no amount of synthetic material could provide 
the same efficacy as a maximal dose of recombinant hPTH. 
(Maggio Decl. 1 26; Gautvik Decl. 1 12). 

The in vivo evidence presented in the Peptides paper 
is equally compelling. For the sake of brevity, Applicants 
merely point to the hypercalcemic assay illustrated in Fig. 3 
and discussed on page 1264. In order to achieve an effect 
almost equal to that of 2.0 micrograms of recombinant hPTH, a 
2.7 micrograms dose of chemically synthesized hPTH was 
required. Thus, the synthetic hPTH had a 30% lower biological 
activity than the recombinant hPTH. This contrasts markedly 
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with the maximal response achieved from a considerably lesser 
dosage of recombinant hPTH. (Maggio Decl . M 26, 27). 

As the foregoing data compellingly establish, the 
purity of the recombinant hPTH of the present invention is 
vastly superior to that of synthetic peptide. This is 
demonstrated by gels equally loaded with recombinant and 
synthetic hormone in which synthetically produced hormone had 
both impurities and significantly lower band intensities; by in 
vitro biological testing which showed that recombinant hPTH 
exhibited a two-fold increase in affinity, a four-fold increase 
in biological potency and a higher maximal response or efficacy 
than could be achieved by the synthetic peptide; and by in vivo 
testing of dosage levels and maximal response studies in which 
the recombinant hormone was constantly superior to the 
synthetic hormone. 

The recombinant hPTH of the present invention is 
superior not only in terms of its quantity but also in terms of 
its qualities. {Maggio Decl, 1 27). Because the hPTH of the 
present invention is produced by recombinant technology, it 
does not suffer from many of the known disadvantages of 
synthetic production. Those of ordinary skill in the art would 
clearly understand this to be the case based on their knowledge 
of the shortcomings of solid phase synthesis and the fact that 
the cellular editing mechanisms available in microorganisms 
such as yeast and E. coli would all but eliminate the inherent 
impurities created during synthetic synthesis. (Maggio Decl. 1 
17) . Therefore, those of ordinary skill in the art would 
understand that the term "recombinant" describes not only a 
process by which the resulting hPTH peptide was produced, but 
also laudatory characteristics which describe the purity and 
the functional qualities of the resulting material. At the 
very least, when such a term modifies the term "essentially 
pure" it indicates the types of impurities that could not be 
present in the claimed hPTH. 

In summary, Applicants believe that claim 1, as 
amended, has three specific points of novelty, - each of which 
could independently support a conclusion of patentability. 
First, the claim recites that the hPTH material obtained must 
be "essentially pure" as that term is defined in the 
specification. The supporting evidence presented herein 
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clearly establishes the overwhelming superiority of the purity 
of the hPTH material produced in the present invention versus 
the best available material produced by the techniques 
described in the art of record. Second, the hPTH produced must 
be "intact." "Intact" hPTH is structurally identical to the 
naturally occurring peptide; it is full length and identical in 
amino acid composition. Finally, the material is novel, and 
indeed, unobvious because it is produced recombinantly . The 
use of the term "recombinant" in the context of the present 
invention clearly provides additional information to those of 
ordinary skill in the art with regard to the nature and 
qualities of the hPTH claimed. 

Claim 23 which relates to a product-by-process is 
also novel and unobvious for the same reasons. Novelty resides 
in the process used for the production and purification of hPTH 
as recited in the claims. Claim 27 as well as dependent claims 
21, 22, 24 through 2 6 and 28 are also all novel and unobvious. 
It has been shown that the recombinant hPTH of the present 
invention is "fully active" in adenylate cyclase assay...." 
{Page 7, lines 33 and 34), (Gautvik Decl . 1 13). See also 
Example 8, pg. 19, lines 7-10, pg. 5, lines 1-6, pg. 3, lines 
17-24, pg. 4, lines 15-19, pg. 14, lines 9-14 and pg. 34, line 
20 through pg. 35, line 5. As Dr. Gautvik explains in his 
Declaration, the fact that hPTH exhibits full activity in this 
assay indicates that the hPTH of the present invention 
possesses a level of biological activity which is substantially 
equivalent to naturally occurring hPTH. The cAMP testing 
described in the Peptides paper only serves to confirm the 
statements made in the specification. (Gautvik Decl. 1 13). 

Applicants believe that the claims, as amended, are 
both novel and unobvious and that the claims satisfy all of the 
requirements imposed by 35 U.S.C. § 112. Therefore, Applicants 
respectfully request the withdrawal of the current rejections 
and an indication of the allowability ' of the presently claimed 
invention. 

Should Examiner Spector have any questions with 
regard to the foregoing, she should feel free to contact the 
undersigned, at her convenience at 908-654-5000. Furthermore, 
should any fee be due and owing regarding this matter, the 
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Examiner is hereby authorized to charge Deposit Account 
No. 12-1095 therefor. 



In view of the foregoing, further and favorable 



action in the form of a Notice of Allowance is -believed to be 
next in order and such action is earnestly solicited. 



600 South Avenue West 

Westfield, NJ 07090 
(908) 654-5000 - Telephone 
(908) 654-7866 - Facsimile 

F:\SS\DOCS\3 .0\3 9643 .DOC 



Respectfully submitted, 



LERNER, DAVID, LITTENBERG, 



KRUMHOLZ & MENTLIK 



TtflCHAEL H. TESCHNER 
Reg. No. 32,8 62 
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CTTRRTrUUJMVTTAE 
Kaare M. Gautvik, professor dr.med. 



Personal and marital status 

Name: Kaare M. Gautvik 

Home address: Brcgnevn. 3, 0875 Oslo, Norway 

Business address: Institute of Medical Biochemistry, University of Oslo, P.O.Box 1112 

Blindcrn, 0317 Oslo, Norway 
Telephones: 47-22851055 (work); 47-22235137 (home) 

Date and place of birth: 11th of December 1939 in Oslo. 
Social Security No. : 1 1 1 239. 3931 1 

Married to: Vigdis Teig Gautvik, date of birth: 24th of March 1947 

Children: Lars Erlend Sakrisvold Gautvik, date of birth: 9th of January 1964 
Silja Marie Sakrisvold Gautvik, date of birth: 31th of March, 1973 
Ole Martin Teig Gautvik, date of birth: 21th of January 1982 



Educate 

1 . August 1958-June 64, Medical School at the University of Oslo, 

2. 1967-69 Courses in mathematics involving 

geometry, statistics and mathematical analysis. 

3. May 1970, Disputation for the medical doctor degree at 

the University of Oslo. 

4. 1985, Specialist in medicine, in clinical chemistry and physiology. 



fimplgymem 

1 . June 1964 - June 1965, working at Tromse University Hospital at medical and surgical 
departments. 

2. July 1965 until December 1965, working as a general practitioner in Sjevegan, Troms. 

3. One year military service as a major in The Norwegian Air Force, working mainly at the 
Norwegian Institute for Aviation and Space Medicine. 

From 1967, position as post-doctoral researcher at The Institute of Physiology, Uni- 
versity of Oslo. 
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5. From September 1969, promoted to Assistant Professor at the University of Oslo, 
Institute of Physiology. 

6. Leader and responsible for clinical and experimental endocrinological laboratory of 
Institute for Surgical Res., The National Hospital, Oslo, from 1973 - 89. 

7. From 1976-1978, training as a specialist in clinical chemistry at the Norwegian Radium ' 
Hospital, Oslo. 

8. From August 1983 appointed to full professor at the Institute of Medical Biochemistry, 
Medical Faculty, University of Oslo. 

(At the same time receiving offers of professor chairs at the Institute of Physiology, 
Medical Faculty and at the Institute of Physiology and Biochemistry, Faculty of Odon- 
tology). 



Post-doctoral training abroad 

1 . For three months in 1 967, I worked as a lecturer at the Department of Physiology, 
Medical School, Birmingham University, England, 

2. From August 1971 to July 1973 in receipt of Fogarty international post-doctoral fellow- 
ship at the Department of Pharmacology, Harvard School of Dental Medicine and 
Harvard Medical School. 

3. 1980, 4 months Visiting Professor at Institute of Genetics, BMC, Uppsala University, 
Sweden. 

4. 1995/96, 12 months Visiting Research Professor, The Scripps Research Institute, Dept. 
Mol. Biology, La Jolla, San Diego, USA. 



Teaching responsibility 

1 . One year teching in aviation medicine for medical personnel and pilots. 

2. I have gi ven lectures and courses for medical students in following subjects: 
Haematology, kidney physiology, endocrinology, circulation, respiration and 
gastrointestinal physiology. From 1983 organized and given lectures and courses in 
molecular genetics at undergraduate and postgraduate level for students in medicine and 
sciences. 

3. Organized interfaculty advanced courses within molecular endocrinology. 

4. Lectures have been given in the following subjects at post-doctoral courses: 
Diseases of the thyroid gland (1973); Regulation of circulation in the gastrointestinal 
system (1973); Local hormones (1975); Endocrinology (annually from 1978); Tumour 
markers (1979); Calcium metabolism (annually from 1980); Ligands for peptide 
hormone-receptors, and Nuclein acid biochemistry (1984); TRH-reccptors in prolactin- 
producing cells (1985). Molecular biology in medical research (yearly from 1983). 
Biochemical analysis on bone material (1991). 

5. Invited lectures: Several places in the U.S., in Sweden, in Finland, and in England, as 
well as different places in Norway, a total of 37 as of 1995, 

6. Chief organizer of post graduate scientific courses for the Medical Fakulty at University 
of Oslo, 1986-1991. 
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7. Organizer of international scientific meetings within the frame of the following societies: 
Acta Endocrinologica (European International Endocrine Society), The Scandinavian 
Physiology and Pharmacology Meetings, and the Norwegian Biochemical Society. 

8. Introduced teaching in Molecular Biology for students at the Medical Faculty, Oslo. 

9. Invited as Symposium Lecturer at international meetings in physiology and 
endocrinology and molecular biology as exemplified below: 



Examples of specially invited symposium lectures 

1 . February, 1990: "Production of recombinant human parathyroid hormone in Rcoli and 
Saccharomyces cerevisiae and its potential use as drug in osteoporosis" by Kaaxe M. 
Gautvik, Eli Lilly Co., Indianapolis, USA, in a Biotechnology meeting. 

2. June, 1990: Symposium lecturer and organizer. "Hormone receptors and cellular signal 
transduction. The XXII Nordic Congress in Clinical Chemistry, Trondheim, Norway. 

3. July, 1990: Symposium lecturer "Transmembrane signal systems involved in the 
regulation of prolactin secretion by hypothalamic peptide hormones in cultured pituitary 
cells. 2nd European Congress of Endocrinology, Ljubljana, Yugoslavia. 

4; July, 1990: Symposium lecture: "Successful cloning and production of human 

parathyroid hormone (hPTH) in yeast as a secretory product". 5th European Congress 
on Biotechnology, Copenhagen, Denmark, (Unable to attend, and the lecture was held 
by cand.scient. Sjur Reppe). 

5. August, 1990: Symposium lecture: "Processing and stability of human parathyroid 
hormone produced in E.coli and S.crevisiae studied by in vitro mutagenesis". Work- 
shop/Symposium on site-directed mutagenesis and protein engineering, Tromse, 
Norway. 

6. December, 1990: Invited by Professor Guo Hui-Yu, Guangzhou, China and Professor 
G.L. French, Hong Kong. Lecture entitled: "Expression of human parathyroid hormone 
as a secretory protein in prokaryotic and cukaryotic microorganisms". The Second 
International Conference on Medical Microbiology and Biotechnology Towards 2000, 
Guangzhou, China. (Did not attend as a protest against the punishment of the students 
rebellion in Peking). 

7. January 1991: Invited to a Workshop by Dr, Stephen Green, Central Toxicology 
Laboratory, ICI, Alderly Park, Maccelesfleld SK10 4TJ,UK. Lecture entitled: 
"Synergistic effects of hormones and fatty acid on peroxisomal 8-oxydation, enzyme 
activities and mRNA levels". 

8. January 1991: Invited to a Protein Engineering Meeting by Professor Ian Campbell, 
Biochemistry Department, Oxford University, .Oxford, UK. Lecture entitled: "Cloning 
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and expression of human parathyroid hormone in microorganisms". 

9. Invited by Professors T.T. Chen, D. A. Powers, B. Cavari, Maryland Biotechnology 
Institute, Baltimore, MD t to held a symposium lecture at the 2nd International Marine 
Biotechnology Conference, October 13-16, 1991, Baltimore, Maryland, USA. (Could 
not attend). 

10. May 1991 : Invited by Professor Jan Carlstedt-Duke, Karolinska Institute^ Huddinge, to 
held a lecture in the seminar series "Novum Lectures in Cellular and Molecular Biol- 

ogy • 

1 1 . January 1992: Invited by Professor Armen H. Tashjian, Department of Molecular and 
Cellular Toxicology, Harvard School of Public Health and Department of Biological 
Chemistry on Molecular Pharmacology, Harvard Medical School, Boston, USA. 
Lecture entitled: "Use of antisense RNA in delineation of the mechanism of action of 
G-coupled hormones". 

12. August 1993: Invited by Norwegian Society of Charted Engineers, The Blindern 
Conference. Lecture entitled: "Experience from industrializing basal research". 

13. November 1993: Invited by Karolinska sjukhuset, Stockholm, to held a lecture at 
"Graduate course in molecular endocrinology - a problem oriented approach". The 
lecture is entitled: " Region specific actions of parathyroid hormone in target tissues". 

14. February 1994: Invited by GBF, Gesellschaft fur Biotechnologische Forschung mbH, 
Braunschweig. Lecture entitled: "Expression of human parathyroid hormone in 
microorganisms and animal cells with special reference to signal sequence efficacy and 
intracellular modifications". 

15. September 1994: Invited by Professor K. Dhannalingam, Department of Biotechnology, 
Madurai Kamaraj University, India, to held a lecture in the symposium "Gene 
expression systems", XVIth IUBMB, New Delhi. Lecture entitled: "Expression of 
human parathyroid hormone in microorganisms, insect cells, mammalian cells and as a 
milk protein in transgenic mice". 

16. November 1994: Invited by Professor A. Taschjian Jr., Harvard School og Public 

° Health, Boston, to held a lecture in a seminar. Lecture entitled: "Certain structural and 
functional characteristics of the human TRH receptor cDNA and mapping of the gene". 

17. February 1 UI3, 1995: Cairns, Australia, Workshop on "Animal Models in the 
Prevention and Treatment of Osteopenia" 

18. February, 1995: Int. Meeting of Calcified Tissue Research, Melbourne, Australia. 
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Hnnnrarv j gcpirfts and prizes 

1. In 1984 recipient of Professor Olav Torgersen's Prize and Memorial lecture. This prize 
and lecture was created by Professor Torgersen, the University of Oslo, who was one of 
the founders of the Society for Promotion of Cancer Research in Norway. Because he 
contributed with personal money, the prize and lecture had his name. The title of my 
lecture was: The medullary thyroid carcinoma: a special type of familial and hormone 
producing cancer". 

2. In 1984 1 was given the international science prize called The Nordic Insulin Prize 
instituted by Professor Jacob E. Poulsen, who worked at the University of Copenhagen. 
This prize is given within endocrinology and the candidate is chosen from all the countries 
in Northern Europe. The money was donated by the Insulin Laboratory now the company 
Novo-Nordisk. At that lime, only one Norwegian had previously received this prize. The 
prize was given for my studies regarding how hormones exerted their biological actions in 
target cells. 

3. The Gunnerus Prize was given in 1986 by the Royal Society of Norwegian Scientists. 
This is a prize which is given to a scientist selected by this society for scientific merits 
obtained and again it was within the field of hormone structure and action. 

4. In 1 987 T received a prize within biotechnology created by the Research Park at the 
University of Oslo, which at that lime was called the Innovation Centre, University of 
Oslo. 

5. Novum Lectures in Cellular and Molecular Biology* which was associated with a scientific 
prize. Invited by Professor Jan-Akc Custafsson at Novum, Huddinge, The Karolinska 
Institute, Sweden, in 1991. This was given based on my research with human parathyroid 
hormone in relation to its first cloning, expression and studies of actions. 

6. Lectures at Harvard School of Public Health in Cellular and Molecular Biology in 1995, 
regarding cloning of hormone genes and their characterizations. Invited by Professor A.H. 
Tashjian Jr. at the Department of Molecular and Cellular Toxicology, Harvard School of 
Public Health and Department of Biological Chemistry and Molecular Pharmacology, 
Harvard Medical School, Boston, USA. 



Referee activity 

I am or have been working as referee for the following international journals: 

Endocrinology 
J. Expl. Cell Res. 
Acta Physiol. Scand. (Kbh.) 
Eur. J. Endocrinol. (Acta Endocrinol. Scand. (Kbh.) 
Eur. J. Clin. Invest. 
Hormone Research 
Acta Obstet. Gynecol. Scand. 
Journal of Endocrinological Investigation 
Eur. J. Biochem. 
Experimental Cell Research 
Scand. J. Gastroenterol. 
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Guidance for the academic doctor degree 

1 . Veterinary, dr. lie. Richard Tollman; "Parturition hypocalcaemia in cows". 1976. 
Oslo. 

2. Dr. med. Trine Nermann: "Medullary carcinoma of the thyroid. A morphological, 
clinical and experimental study". 1977. Oslo. 

3. Dr.med. Egil Haug; "Prolactin and growth hormone secretion by rat pituitary cells in 
culture. Hormonal control and mechanism of action 1 *. 1978. Oslo. 

4. Dr.med, Bjem Klevmark: "Motility of the urinary bladder in cats during filling at 
physiological rates." Oslo. 1978. 

5. Dr.odont. Torill Berg 0rstavifc "Glandular kallikreins. Origin and secretion in some 
exocrine organs of the rat". 1978. Oslo. 

6. Dr.med. Arne Ekeland: "The role of calcitonin in fracture healing". 1981. Oslo. 

7. Dr.philos. Kjersti Sletholt: "Calmodulin from rat anterior pituitary tumour cells and its 
biological significance'*. 1988. Oslo. % 

8. Dr.med. Trine Bjsro: "Regulation of prolactin secretion by hypothalamic hormone with 
special emphasize on vasoactive intestinal polypeptide (VIP)". 1988. Oslo. 

9. Dr.scient. 0yvind Andersen: "Purification and characterization of salmonid prolactin". 
1989. Oslo. 

10. Dr.scient. Marianne Wright: "Biochemical studies of the pituitary receptor for thyro- 
ihropin-releasing hormone. Cell surface receptor protein characterization, receptor 
mRNA isolation and cDNA library generation and screening". 1991 . Oslo. 

Dr.phil. Vcndela Parrow: Signal transduction and gene regulation in cultured endocrine 
cells. 1991. Oslo. 

1 1 . Dr.med. Byvind J. Paulssen: "G protein-coupled transmembrane signalling in prolactin- 
producing rat pituitary tumour cells" . 1992. Oslo. 

12. Dr.philos. Ruth H. Paulssen: "G protein-coupled transmembrane signalling in prolactin- 
producing rat pituitary tumour cells". 1992. Oslo. 

13. Dr.scient. Hilde Nebb Sarensen: "Actions of hormones and fatty acids on peroxisomal 
6-oxidation enzyme activities and gene transcription." (Disputation 1993). 

14. Dr.philos. Najma Kareem: "The use of protein engineering to study hormone processing 
and secretion in different host cell systems". (Disputation 1994). 

15: Dr.philos. Ole Kristoffer Olstad: "Expression, purification and characterization of 
recombinant parathyroid hormone like peptides". (Disputation 1995). 

16. Dr.med. Berit Mortensen: "The influence of vit. D s on bone remodelling: In vitro and 
in vivo studies of bone turnover in the normal and uraemic conditions". (Disputation 
1995). 

17. Dr.philos. Venke Skibeli: "Structural and functional aspects of Atlantic salmon growth 
hormone and prolactin". (Disputation 1996). 

1 8. Dr.med. Erik Rokkones: "Expression of heterologous peptide hormone genes in 
cultured cells and in animals". (Disputation 1996), 

1 9. Dr.philos. Sjur Reppe: "Secretion of heterologous proteins from the yeast 
Saccharomyces cerevisiae". (Disputation 1996). 
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I. Cand.pharm. Per Wiik Johansen: "Regulation of prolactin and growth hormone 
secretion and synthesis by bromocriptine in rat anterior pituitary tumour cells". 
(Disputation 1996). 

IL . Cand.scient. Vilborg Matre: "Cloning and expresjon of membrane receptors for 
hypothalamic hormones in exitable cells". 

III. Cand.scient Hilde Herman sen Steincgcn "Studies of regulatory gene-elements and 
transcription factores that mediate peroxisomal inducton and proliferation". 

IV. Cand.scient. Ole Petter Lsseth: "Studies on hormonel bone remodulation in tissues and 
in animals", 

V. Cand.scient. Per Ivar Havring: ''Structure analysis and functional studies of cloned 
thyroliberin receptor and receptor isotypes". 

VI. Siv.ing. Edith Rian: "Expression of parathormone-like peptides in tumour cells". 

Supervision of students' main degrap.c 

1 . Cand.pharm. Age Auliff: "The effect of somatostatin on cultures of growth hormone and 
prolactin producing cells." University of Oslo. 1979. 

2. Cand.pharm. £gj Wift Johansen: "The effects of bromocriptin on prolactin and growth 
hormone producing rat pituitary gland cells in culture, " University of Oslo. 1981. 

3. Cand.pharm. Nift3 Ultegraven: "The significance of extracellular ion influence on the 
binding of thyroliberin to rat pituitary gland cells in culture. " University of Oslo. 
1982. 

4. Stud. med. Pyyind J t Paulssgp: "The effect of TRH and oestradioi on prolac tin-synthesis 
in rat pituitary cells in culture. " University of Oslo. 1983. 

5. Cand.pharm. Kari Funi and cand.pharm. Kirsten Kilvik : "The uptake mechanism for 
oestradioi in rat pituitary cells in culture. " University of Oslo. 1 984. 

6. Cand.pharm. Berit Taranrad Johansen: "Cloning of mRNA for rat prolactin". U 
niversity of Oslo. 1986. 

7. Cand.scient, Marianne \¥righf: "Characterization of surface proteins of GH-cells with 
special reference to the TRH receptor". University of Oslo. 1987. 

8. Cand.scient. Jenny Owe: "Binding and degradation of thyrotropin releasing hormone in 
hormone producing rat at pituitary cells in culture", University of Oslo. 1988. 

9. Cand.real. Qrete Sgmes: "Effects of vitamin D on ^Ca J+ efflux and prolactin produc- 
tion". University of Oslo, 1988. 

10. Cand.pharm. Sjy firifoen; "Development of an in solution mRNA hybridization test 
using antisense mRNA probes for prolactin". University of Oslo. 1988. 

1 ! . Cand-real. Tgm Skynid: "Effects of human growth hormone and IGF-I on growth and 
clinical chemical plasma parameters". University of Oslo. 1988. 

12. Cand.pharm. Laila Norrheiffl: "The inductive effect of tetradecyl-tbio-acetic acid on 
peroxisomal B-oxidation in 7800 CI Morris hepatoma cells is stimulated by dexame- 
thasone and inhibited by insulin". University of Oslo. 1988. 

13. DipLing. Kristin Austlid Taskfti: Transfeksjonsstudier i Karpe- og rotte hypofyseceller. 
University of Trondheim (NTH)/University of Oslo. 1988 

14. Cand.real. HlUde Nebb Sgrensen: "The mechanism of 3 H-Dexamethasoneuptake into 



Curriculum vitae - K.M. Gautvik 



8 



7800Ci hepatoma cells in culture". University of Oslo. 1989. 

15. Stud.TeaJ. Nqjma Karccm: "Secretion and processing of recombinant hPTH in E.coli. 
Significance of prepiosequences". University of Oslo. 1989. 

16. Stud.ing. Edith Rian: "Expression of parathormone-like peptides in tumour cells. 

17. Cand.scient. Even Sollig: "Stability of peroxisomal B-oxidation enzyme activity and 
mRNA levels". University of Oslo. 1993. 

1 8 . Stud. scient A?^Karine Fjelhcim: Cloning and characterization of the human thyrotropin 
releasing hormone. (1996). 

Guest research workers from abroad 

Tn my group we have had research visitors for periods of one to three years from Polen, 
Bulgaria, Sweden, Tyskland, Denmark, Iceland, India, Israel and USA. 



Member Of COmit tegS for the academic doctor degree m Norway anH ahmnH 

1 . Opponent at dr.med. Bjarn Biber's disputation at Physiological Institute, The University 
of Gothenburg, Sweden. The work represented gastrointestinal physiology. 1974. 

2. First opponent at dr.med. vet. Knut Hove's disputation. The work represented the effect 
of insulin on the intermediate metabolism in ruminants and mammary gland physiology. 
University of Tromse, Norway, 1978. 

3. First opponent at siv.ing, Kirsten Sandvig's disputation on the work "Interaction of the 
toxic lectins abrin, ricin, and modeccin with mammalian cells". The work includes 
biochemical examinations on absorbtion and effect of toxic lectins in cell cultures. 
University of Oslo, Norway, 1979. 

4. Opponent at cand.real. Anne Sundby's disputation on the work: "Plasma testosterone in 
young bulls in relation to age, gonadotropin stimulation and rate of weight gain and 
some studies on testicular gonadotropin receptors". University of Oslo, Norway, 1982. 

5. Opponent at siv.ing. Anders Sundan's disputation on the work; "Studies on the entry of 
modeccin, diphtheria toxin, ricin, and pseudomonas toxin into mammalian cells". 
University of Oslo, Norway, 1985. 

6. Opponent at dr.med. Svein Dueland's disputation on the work: "Absorption and 
transport of vitamin D 3 and 25-hydroxy-vitamin D 3 in the rat" . University of Oslo, 
Norway, 1986. 

7. Opponent at dr.phiJos. Dagny Sandnes's disputation on the work: n Beta-adrenoceptors 
on rat hepatocytes and human mononuclear leucocytes, with special reference to 
quantitation and regulation". University of Oslo, Norway, 1988. 

8. Opponent at dr.med. 0yvind Sverre Bruland's disputation on the work: "Preparation 
and properties of two novel highly specific antisarcoma monoclonal antibodies and their 
application in the characterization and diagnosis of human sarcomas". University of 
Oslo, Norway, 1989 

9. Opponent at dr.med. Pal Wiik's disputation on the work: "Vasoactive intestinal peptide 
as a modulator in the neuro-immune axis; the influence of stress". Norwegian Defence 
Research Establishment, Norway, 1989. 
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Opponent at dr.med. Eystein S. Husebye's disputation on the work: "Stimulus-secretion 
coupling in chromaffin cells of the bovine adrenal medulla. With special reference to 
the role of phospholipid metabolism". University of Bergen, Norway, 1990. 
Opponent at dr.scient. Hooshang Lahooti's disputation of the work; "The estradiol 
receptor and the 90 kDa heat shock protein. Phosphorylation of the receptor and the 
heat shock protein, and studies on regulation of the estradiol receptor mRNA" Uni- 
versity of Bergen, Norway, 1991. 

Leading the disputation of Hilde Nebb Sarensen on the work: "Hormonal modulations 
of fatty acid stimulated peroxisomal G-oxidation in cultured liver cells. " University of 
Oslo, Norway, 1993. 

13. Opponent at dr.odont Janicke Liaaen Jensen's disputation on the" work: "Human saliva: 
Biochemical and physiological aspects of some components", Faculty of Density 
University of Oslo, Norway, 1994. 



12. 



Member of advisory international/national r-ommitries for e valuation nf pmfe^pnririnn., 

1 . Professor Ingrid U. Richardson, Harvard University, Boston, USA. 1974. 

2. Professor Thomas F.J. Martin, University of Wisconsin, USA. 1984. 

3. Professor Margaret A. Brostrem, University of Medicine and Dentistry of New Jersey 
USA. 1 984. ' 

4. Position as full Professor at the Institute of Physiolology, University of Gothenburg 
Sweden. 1987. °' 

5. Professor I at the Department of Clinical Chemistry, University of Tromaj, Norway, 

6. Participation in an international board created by Sandoz, Basel, Switzerland, for 
nominating a candicate for the Sandoz International Endocrinological Prize in 1988. 
Professor in Veterinary medicine, Norwegian Veterinary University, Oslo, Norway, 
1989. 

Position as Professor in Physiological Chemistry, University of Kuopio, Finland. 1989 
Position as Professor I in Endocrinology at the University of Gothenburg, Sweden, 

Position as Associate Professor I in Endocrinology, University of Gothenburg, Sweden, 

Position as Associate Professor I in Biochemistry, University of Bergen, Norway 1993 
Appointed member of committy to evaluate chair Professorship at Karolinska Institution, 
Dept. of Endocrinology, Sweden (1 had to decline because of sabattical year). 
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8. 
9. 

10 

11. 
12. 



Honorary Sncicti^ 

Member of the Norwegian National Academy of Science and Letters 
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Norwegian Society of Biochemistry 

Norwegian Society of Physiology 

Norwegian Society of Endocrinology 

Endocrine Society (USA) 

Society for Calcified tissue (USA) 

Society for Bone and Mineral Metabolism (USA) 



Medical clinical meriaiifj ff1 

1 . Clinical Physiology and Chemistry including Nuclear Medicine 

2. Work Medicine 



Medical Faculty RflspoTidfrljfj^ 

1 . An elected member of the Medical Faculty 1987-1990. 

2. A member of the Reeseaich Council at the Medical Faculty 1 987-1990 

3. Chairman of Postgraduate Courses for Ph.D. and Dr.med. students at the 
Medical Faculty 1986-1991. 

Member of the Institute Group Committee for the Preclinical Sciences from 1 989 
and present. 



4. 
5. 



Member of the Medical Faculty's councel for evaluation of postgraduate 
applications from 1989-1993. 



Research Council Respqnqfrjiiffrf 



Chairman for the Biotechnology Committee as a representative for Norwegian 
Kesearch Council in an inter research council body, 1986-1989 
ISSJ? of The Norwegian Research Council for Science and the Humanities 
(NAVF) Committee for Physiology and Pharmacology, 1986-1989 
Development and function as responsible leader of the nationwide core facility 
for peptide synthesis, 1988-1991. 

Member of the International Scientific Board of Novo-Nordisk Research 
Committee. 

Member of the CTBA Foundation Scientific Advisory Panel from 1995 elected as 
representative from Norway. 



Patents 

General inftnyiflfrn 



Two U.S. patents, U.S. Patent No. 5.010 010 and No. 5.420.242 are held with 
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international extensions in Europe, Japan, Canada, and Australia. In addition, three 
Divitional Applications are submitted to the U.S. Patent Office and elsewhere. 

All of Gautvik et al. 's patents and patent applications in the different countries are 
covering specific methods related to the production, purification and characterization of 
PTH in microorganisms. 
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A BRIEF DESCRIPTION OF THE MAIN RESEARCH PROTFrTS 
GIVEN IN HISTORIC AT. ORDER? 



I. THE BIOCHEMICAL AND PHVSIOmGlCAL STUDIES RFTATED TO 
PLASMA KININS AND KALLTCTFTNS 



II. MOLECULAR ENDOCRTNOI/IGICAL RESEARCH 

A. REGULATION OF HORMONE SECRETION A ND SYNTHESIS 

B. RECEPTOR FITNCTTON AND Cl/WINO OF NE UROENDOCRINE 
HORMONE RECEPTORS 

C. STUDIES OF HYPOTHALAMIC SPECTFTC mRNAs OBTAINED BY A 
NOVEL SENSITIVE SUBTRACTION HYBRIDIZATION PROCBDTTRH 



III. ENDOCRTNOI/XITCAL RESEARCH RELATED TO H VPF.RFT INCTTON OF 
THE PARATHYROID CLAM) AND RESEARCH IN RELATION TO 
MEDULLARY CARCTN QMA OF THE THYROID GLAND 



A. CLONING AND EXPRESSION OF PARATHYROID HORMONE AND 
RELATED PEPTIDES IN MICROORGANISMS. MAMMTLTAN CELLS 
AND TRANSGFNTC ANIMATES 

B. PARATHYROID HORMONE RELATED PEPTIDE AND MALTGNENT 
HUMORAL HYPF.RCAT CAF.MTA 

C. ISOLATION AND CHARACTERIZATION OF mRNAs SPECIFIC FOR 
THE OSTEOSARCOMA PWENOTVPF OBTAINED BY SUBTRACTION 
HYBRIDIZATION 

D. ISOLATION AND CHARACTERIZATION OF mRNAs SPECTFTC FOR 
PARATHYROID HORMONE GENE ACT1VATTON TN BONP CF.T.T.S 



IV. MOLECULAR ENDOCRTNOT/IGY STUDIES TN FISH 

A. STUDIES OF GENE EXPRESS ION IN TRANSGENIC FISH 

B. ISOLATION. PURIFICATION. AND CHARACTERIZATION OF S 
ALMON PROLACTIN AND GROWTH HORMONE 
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I. THE BIOCHEMICAL ANT) PHVSlOI/WlirAT STTTnTF^ PITT ATfrp jft 
PLASMA KININS ^ KArJJKKFTNS 

Plasma kinins arc biologically very active polypeptides that are distributed throughout the 
body and become accepted to be of importance for regulation of blood flow in certain 
organs. Kinin forming enzymes (kallikreins) and kinin inactivating enzymes (peptidases, 
"converting enzyme") have received new attention the last years due to their possible 
involvement in hypertension. My thesis from April 1970 dealt with certain physiologi- 
cal/biochemical aspects in relation to blood flow regulation including purification of 
substrates for kallikreins and their characterization in vitro. These components were used 
for studying their physiological interaction during perfusions of the salivary gland activated 
via nerve stimulation. By using purified substrates and their enzymes, a direct functional 
involvement of plasma kinins in functional vasodilatation could be demonstrated in vivo for 
the first time. Its title was "Studies on vasodilator mechanisms in the gnhmnndihular 
salivary gland in cats" fO. A.: 7). 

Relevant references: R/C, 3,6,7,8,11,12,13; O.A, 1-6,8,9,11,16,19,23,39,43,50, 
55,56. 



n. MOLECULAR ENDOCRINOLOGICAL TtFSFAttfH 



A. REGULATION OF HORMONE SECRETION A NT) SYNTHESIS 

A major part of my research engagement has been carried out using functional cell cultures 
and transplantable tumors from highly differentiated cells that are able to perform organ 
specific functions. The following areas have been actively persued since 1971: 



i. The biological effects and mechanism of actions of the hypothala m ic hormones 
thyroliberin, dopamine, somatostatin and vasoactive intestinal pol y peptide in prolactin and 
growth hormone producing rat pituitary «*11 B 

These hypothalamic hormones are of central importance in regulation of release of 
prolactin and growth hormone from the anterior pituitary gland. The results which we 
have obtained with the cultured rat pituitary cells, have all been confirmed in more 
physiological endocrine model systems and thus appear to be valid for interpretation of how 
these regulatory hormones influence the functions of the anterior pituitary gland. I have 
carried out characterization of receptor binding of thyroliberin and been a senior researcher 
to originate research regarding receptor characterization for dopamine, somatostatin and 
vasointestinal polypeptide. In axidition, J have steadily persued studies to elucidate and 
delineate the mechanisms of action for these peptide hormones. We have characterized the 
second messengers systems involving cyclic nucleotides and calcium, as well as described 
pathways of phospholipase C activation with formation of inositol triphosphates and 
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diacylglycerol. I have been one of the first in this research area to show the involvement 
of cyclic nucleotides and calcium in the action of thyroliberin, dopamine, somatostatin and 
vasoactive intestinal polypeptide. How these second messengers were generated and their 
interaction, were first described in an invited review article for the Benzon Symposium, 
Copenhagen, 1988. (K.M, Gautvik et al. B Regulation of prolactin secretion and synthesis 
by peptide hormones in cultured rat pituitary cells, Alfred Benzon Symposium 25, 
Copenhagen, 1988) and as an invited lecture at the 2nd European Congress in Ljubljana, 
1990. 

The ongoing research has concentrated on the involvement of GTP binding proteins in the 
receptor coupling of these hormonal signals as well as the characterization of the receptor 
itself. Thus we have identified and studied the functional coupling between these receptors 
and the G protein subunits in pituitary cells. Furthermore, these studies are now completed 
with a description of the adenylyl cyclase subclasses in the same cell-types and their 
engagement by the different hormone-receptor G protein subunits. These studies have 
involved measurements of specific mRNAs, the corresponding proteins and their regulation 
by the hypothalamic hormones as well as antisense RNA experiments testing the direct 
physiological involvement of G^ protein in the action mechanism of e.g. thyreoliberin. 

") The biological effects and mechanisms of action of steroid hormones ^estradiol, 
progesterone, testosterone, cortisone and vitamin examined in p rolactin and growth 
hormone producing cells in culture. 

Through the years 1973-1983, 1 was engaged in studying the effects of the above men- 
tioned steroid hormones and characterization of their distinct receptors in prolactin and 
growth hormone producing cells in culture. We showed e.g, for the first time the existence 
of testosterone and vitamin D 3 receptors in adenopituitary cells. The biological effects of 
these hormones and how they regulate prolactin and growth hormone synthesis, were also 
examined in detail. How the steroid and polypeptide hormones regulated hormone receptor 
levels was studied during different conditions with the aim to understand their physiological 
interplay. 



iii) Regulation of rat prolactin and fnt ywft h™™one expression in functional 
pituitary cell^ . 

Many of the hormones which affects prolactin and growth hormone secretion are also able 
to change the rate of synthesis for these hormones. In the same decade, we developed 
immunopresipitation methods for the radioactively labelled hormones, and improved the 
sensitivity of hormone measurements to the level of single cells. This was shown using 
capillary tube gel electrophoresis of immunoprecipi tared hormones and the results 
confirmed by concommitant immunocytochemistry. By using a combination of protein 
analysis and RNA blotting methods, we could show that prolactin synthesis was stimulated 
mostly by thyroliberin and oestrodiol while an inhibitory effect was found by dopamine and 
cortisone. The most efficient inducer of growth hormone synthesis was cortisone, and its 
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synthesis was also inhibited by dopamine. 

Relevant references: O.A.: 12-14,22,24,25,27,31-34,36-38,42,44,48,49,51,57-59,62,66, 

67,69^1-73,76,77,80,81,83^5,87,91^ 

133,134; R/C: 17,19,21,22,23,26,28-30,34. 



B. RECEPTOR FUNCTION AND CIDNTNfi OF NFTTPOENnnPPTMF 
HORMONE RKrFPTOR^ 

In this respect, we have isolated and cloned cDNA for the receptor for thyroliberin in rats 
and in humans, the latter result as the first original description-in the litterature. Prior to 
this work we characterized and visualized this receptor both by photo affinity labelling 
using the radioactive hormone as well as using a polyclonal antiserum made by us and 
raised against cell surface ideotypes. We cloned the rat and human receptor after making a 
mRNA based PCR product and a cDNA which was then used as probe for screening 
libriaries. 



The human thyroliberin receptor, shows several interesting features when the arainoacid 
sequences are compared in rat and human. The differences have probably direct bearing on 
the functional activity of the receptors in relation to G protein coupling pattern as well as 
signal effector activation, which we in the rat have described in detail. 

Relevant reference: O. A. 115,130,157. 



C. STUDIES OF HYPOTHALAMIC SPECIFIC mRNAs OBTAINED BY A NOVEL 
SENSITIVE SUBTRACTION HYBRIDIZATION PROCEDURE 

The hypothalamus consists of discrete nuclei which paly a vital role in several biological 
functions that are essential to mammals and related to different homeostatic mechanisms, 
reproduction, behavior, emotion and responses to various stress. The hypothalamic nuclei 
in part, integrate many autonomic regulatory systems whose final path is expressed by 
neuroendocrine cells. Thus, they represent "high command centers" within the endocrine 
system and enable the central nervous system to initiate, adjust and balance intricate and 
complex endocrinological reflexes. This part of hypothalamic function is exerted by 
synthesis and release into the pituitary portal system of a number of substances, mainly of 
peptide and amine nature. These substances control the anterior pituitary gland function. 
In addition, hypothalamus is the site of production of two hormones, oxytocin and 
vasopressin, which are transported by axon flow into the posterior pituitary from which 
they are released into the general circulation affecting salt/wateT balance and being of 
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importance for parturition and breast feeding. Furthermore, the hypothalamus is a center 
for social and sexual biological behaviors and mediates feeding and drinking habits. The 
importance of hypothalamic functions in the field of calorie balance may be exemplified by 
the recent discovery by Zhang et al. (Nature, 372, 1994) who describe the first cloning of 
the so called mouse "obese" gene and its human analog, where the receptor for this 
hormone by all criteria has to be localized in a hypothalamic nucleus. Since the first 
objective of this research has been obtained, namely to generate a subtracted hypothalamic 
specific cDNA library of high quality, we will expect to find this receptor among the 10 5 
independent clones present in the library, as well as clones of mRNA encoding a large 
number of other novel proteins. 

The subtraction library shows inserts with sizes estimated on agarose gel electrophoresis 
between 0.4 and 1.2 kb (mean > 0.7 kb), a result which was very satisfactory. 

The quality of the library is further assessed by the extent to which clones of certain 
mRNAs known to be present in hypothalamus had been amplified during subtraction, and 
to what extent clones of mRNAs which are ubiquitously present in the central nervous 
system had been removed. Vasopressin which is exclusively present in hypothalamus is 
enriched 20-30 times in the subtracted library compared to the hypothalamus cDNA 
library, and the commonly present NSE and cyclopbilin is completely removed after 
subtraction. 215 clones from the subtracted library have been picked into grids and 
hybridized with probes prepared by PCR amplification of the inserts from the driver, target 
and subtracted libraries. Approximately 1/4 of the clones give substantially greater signals 
with the subtracted target probe than the unsubtracted target probes and faint or 
undetectable signals with the driver probe. If validated, these figures suggest that roughly 
1 % of the hypothalamus mRNA mass is enriched in that structure (corresponding to an 
estimated 300 different gene species, given that 30,000 species are expressed in the brain). 

Conclusion : The results so far from our learning and usage of a powerful and highly 
sensitive novel subtractive nucleic acid hybridization method are summarized. The 
generated hypothalamic subtraction library appears to give a specific and comprehensive 
representation of mRNAs that are not present in other brain areas as hippocampus and 
cerebellum. One article on the general aspects of hypothalamic enriched/specific mRNAs 
is in preparation. Another article is describing a novel somatostatin-like peptide, called 
corristatin. This article is in press 1996 in Nature. 



"1> ENIWCRINOIXXxICAL RESEARCH RELATED TO 

HYPERFtJNCTTON OF THE PAtt AT HY RftT D GLAND AND 
RESEARCH TN RF,T ATTON TO MEDPT ,t,ary rAftri^Q M ^ 0F 
THE THYROID fil ANP 

This research started out in the early 70'ies as a result of my development of two radio- 
immunoassays for parathyroid hormone and calcitonin, methods which at that time did not 
exist in Norway. Since 1973, 1 have thus carried out clinical laboratory diagnostic activity 
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for the whole country, and also received samples from other Scandinavian countries as well 
as England, in different collaborative studies, wc used these assays in basal and clinical 
endocrinological research related to how these hormones were regulated by calcium both in 
vitro and in vivo. In addition, biochemical work was carried out in order to characterize 
different intracellular hormone-forms retrieved from tumor cells producing these peptides. 

The hyperfunct j pn of the rfflraflyroid gl a nds occurs in relation to development of adenomas 
and/or hyperplasia. The cause(s) of primary hyperparathyroidism is (are) unknown, while 
secondary hyperparathyroidism occurs as a result of chronically lowered scrum Ca 2+ (e.g. 
in chronic renal failure). The question about how low concentration of serum Ca 2+ may 
induce not only increased hormone secretion and synthesis, but also trigger DNA 
replication and cell proliferation, is intriguing, but still unknown. We have studied patients 
with secondary hyperparathyroidism during various experimental conditions to address 
these questions. From human adenomas we isolated poly(A) + RNA for cloning of 
parathyroid hormone (PTH) in 1983. 

Medullary carcinoma of the thvroid gland cmct\ occurs as an inherited and spontaneous 
malignant disease. As the first to introduce diagnostic tool to discover this calcitonin 
producing tumor in Norway, we have mapped the extent of the disease in our country. 

Relevant references; O.A.: 28-30,40,41,52-54,61,65,68,70,74,78,79,82,86, 
90,94,108, 117; R/C: 5,15,16. 



A - CLONING AND FYPRFSSrON OF PARATffVtt QTD ffORMOMF AMT> 

S ELATEP PEPTIDES TN MTCROORfi anisms MA MMn jam rw t s 

AND TRANSflR NIC ANIMATE 

This project started in 1983 and developed into a major research engagement where wc 
have succeeded as the first in the world, to clone and express this hormone in 100 mg 
quantities both as a product in E.coli as well as in Saccharomyces cerevisia. We have also 
successfully transfected mammalian cell cultures, insect cells and transgenic animals, 
silkworm larvae and mice, and obtained expression of this hormone. We have also ' 
expressed mutated forms in yeast and studied the intact hormone and fragments in insect 
cells and Bombyx mori larvae with the aim to understand cellular processing, traficking 
and secretion. 



In the first part of the work we cloned the cDNA for human parathyroid hormone using 
conventional cloning techniques and expressed the peptide as met-gly product in E.coli. 
This peptide analogue was not biological active. In a search for peptides with antagonistic 
action, we found that gly PTH (1-84) was an interesting form having binding properties 
and inhibited the agonist by 40 per cent at Iff'M. In clinical medicine an effective PTH 
antagonist will be of potential use both as a diagnosticum and in treatment of 
hypercalcaemia. 
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For expression in S.cerevisiae recloning of the cDNA was carried out using a fusion 
construction with the prepro region of the yeast mating factor a gene. We were able to 
obtain an effective and correct N-terminal processing and isolated human PTH as a 
secretory product in a yield (up to 10 mg/1). We also developed a down-stream technology 
for purifying the hormone which was shown to be identical to the authenthic peptide 
hormone by a variety of chemical, biochemical and biological test systems. 

In order to obtain a higher yield of human parathyroid hormone, we in vitro mutagenized a 
proteolytic cleavage site internal to the peptide, and obtained a full-length agonist (84 
amino acids) which after purification was shown to have the same biological activity as the 
authentic hormone. 

A part of this work has been concentrated on to find optimal signal sequences both for 
expression in E.coli as well as in yeast, where we by using different amino acid substitu- 
tion in new gene constructs, have developed an effective test system for looking at N- 
terminal processing. This is obtained by making a fusion gene between the N-terminal 
region of the PTH gene and the protein A gene which in E.coli is transcribed using the 
protein A promoter and transcription stop signals. 

We have also made constructs for use in mammalian cells where we employ the Whey 
Acidic Protein (WAP) promoter region in order to express PTH in mammalian cells of 
mouse origin. We have recently in addition generated transgenic mice who express PTH as 
a secretory product in milk. 

Relevant references: O.A.: 124,128,129,133,139,140,144,145,161,162,163,166, 
167,168; R/C: 31,32,35. 



B. PARATHYROID HORMONE RELATED PEPTIDE AND MAL1GNENT 
HUMORAL HYPERCALCAEMIA 

Parathyroid hormone related peptide has been isolated as the causative agent during 
conditions of malignant humoral hypercalcaemia. This condition occurs in the presence of 
several malignent diseases such as cancers, carcinomas as well as myelomatosis where the 
tumour cells are able to produce a parathyroid hormone related peptide. We have received 
cDNA clones and recloncd it in yeast for production of the protein to be used in receptor 
binding- and activation-studies. We are also studying the expression of this gene in animal 
and human tumour cells, with the purpose to learn gene specific splicing. 
Relevant references: O. A.: 151; 160, Jemtland et al., Rian et al. submitted; R/C; 36. 

C. ISOLATION ANP CH AR ACTUATION OF mRNAft SPECIFIC FOR 

THE OSTEOSARCOMA PHENOTYPE OBTAINED BY SUBTRACTION 

HYBRTD17.ATIQN 

By using the same novel subtractive hybridization procedure as employed and described in 
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Chapter 11,0, we have generated a subtracted cDNA library using the osteosarcoma 
phenotype cDNA library as made from three different human osteosarcoma cells from 
which is subtracted the cDNA library obtained from normal human osteoblasts. The 
subtraction is performed by using cDNA from osteosarcoma cells minus RNA transcribed 
from the corresponding cDNA library of the normal osteoblast These are experiments in 
progress and we are about to describe individual cones obtained from a subtracted library 
of about 400.000 independent colonies. The aim of this study is to identify those mRNAs 
which are overexpressed or lacking in the osteosarcoma phenotype and compile these 
results in order to have a greater understanding regarding how a normal cell is transformed 
into this tumortype. 



D. ISOLATION AND CHARACTERIZATION OF mRNAs SPECIFIC FOR 
PARATHYROID HORMONE GENE APTTVATTON TN RONE PET XX 



Parathyroid hormone is the most important physiological regulator of bone formation. This 
hormone therefore is assumed to represent an important drug in the prevention and 
especially treatment of postmenopausal osteoporosis. However, as a succession of our 
previous work regarding the studies of this hormone, we have continued to search for a 
complete overview of all gene products that parathyroid hormone is stimulating in bone 
cells in order to isolate the mRNAs and corresponding proteins which may be of sentral 
importance for the development of osteoporosis - or which may be called "the genes for 
osteoporosis". Again by using the same molecular substraction method as described in 
Chapter II, C, we use this time parathyroid stimulated normal bone cells cDNA library 
minus RNA transcribed from generated libraries of normal bone cells. This work is in its 
initial phases. 



IV. MOLECULAR ENDOCR TNOT f»G Y STUDIES IN Flffff 



A. STUDIES OF GENE EXPRESSION IN TRANSOENTC FISH 

The endocrinological aspects as it relates to regulation of growth and development of 
fertility, are as important in fish as in mammalian species. In addition, fish is an i 
nteresting model system also for studies within embryology, differentiation, and gene 
regulation. As in mammalian species, growth hormone will regulate growth and prolactin 
will be of importance for normal fertility and adaptation to salt/fresh water conditions. 
Also, in this research area, we have worked partly from the protein side and partly from 
the DNA side. We have as first reports described isolation and purification of prolactin 
and growth hormone from Atlantic salmon, and developed sensitive radioimmunoassays in 
order to follow the hormones in fish as a function of age and also during different 
experimental conditions. 
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The initial DNA work for production of transgenic fish is published and may be summar- 
ized briefly: 

We first developed a new microinjection technique where small amount of foreign DNA 
was injected into fertilized fish eggs and the survival rate was more than 90% . 

As the first model gene we used the human growth hormone gene (kindly given from 
Professor R. Palmiter, USA) where the promoter for the metallothionin gene ensured 
expression in eukaryotic organisms. From this gene construction, we made cDNA probes 
which specifically hybridized to growth hormone DNA and tnRNA. 

The microinjected DNA for human growth hormone gene incorporated in the embryo's 
chromosomal DNA was isolated and demonstrated by Southern blot analysis. It was 
incorporated in the fish genome already after 7 days. 

We also showed that the human growth hormone gene was active based on the occurrence 
of specific mRNA for human growth hormone and production of growth hormone by the 
fish embryo and secretion to the medium. This achievement shows that it is possible to 
develop a rather unique model to study gene expression both under embryonic development 
and in the adult fish (R/C 44; O.A. 119, Skibeli submitted 1996). 

In order to measure expression of Atlantic salmon jgrowth hormone, we have isolated and 
purified this hormone as well as prolactin from the same species, (O.A. 118, 121, 135, 



B. ISOLATI ON. PURIFICATION AND CHAR A PTRRIZ ATTON OF 
SALMO N PROLACTIN AND GROWTH HORMONE 



At the time we started out this project, a preliminary sequence of the corresponding 
hormones in the Pacific salmon was known. During this project we were however, able to 
purify and characterize both these hormones from the Atlantic salmon and were the first to 
give the amino acid sequence data on both these hormones. In addition, we used our own 
made prolactin antisera for studying the possible function and involvement of prolactin in 
sex maturation of Atlantic salmon. Growth hormone was further characterized by detailed 
chemical and biochemical analysis including phosphorylation and glycylation patterns, 
development of antisera against fragments of the hormone, and analysing the immunore- 
activity of growth hormone from different salmon species. These reports describes for the 
first time GH species as two gene products in Salmon fish, and they are both glycoproteins, 
and one also phosphoglycoprotein. 

Relevant references: R/C 44; O.A. 1 18, 1 19, 135, Skibeli submitted 1996). 
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THE MAIN RESEARCH ACTIVITIES DTJRTW1 THE LAST A YEARS AND 
FUTURE SCIENTIFIC ENGAGEMENT; 



I. PARATHYROID HORMONE (PTH) AND PARATHYROID HORMONE 
RELATED PROTEIN (PTHrP) 

The aim for this work was to produce: 

i) Recombinant parathyroid hormone for structure activity studies in relation to bone 
cell activation. 

ii) Study intracellular processing and trafficking of these hormones and to compare 
signal sequence efficacy in different host expression systems. 

We were the first in the world to clone and produce full-length human regnmhtnant 
parathyroid hormone in mg quantities. For this work we developed gene constructs, vector 
modifications, fermentation technological improvements as well as complete methods for 
down-stream technology. The final product is PTH identical and more than 99% pure and 
has shown full chemical, biochemical and biological identity with the intact hormone. 
These results are written in the following articles that are printed. 

We have also been as indicated by the list of references below, the first in the world to 
express secreted human parathyroid hormone in mammalian cells as well as a secretory 
milk product in transgenic mice. In addition, we have been the first to develop full-length 
PTH polypeptides with agonist and antagonist functions. 

1. Hsgset A, Blingsmo OR, Gautvik VT, Ssther O, Jacobsen PB, Gordeladze JO, 
Alestrem P, Gautvik KM. Expression of human parathyroid hormone in Escherichia coli. 
BBRC, 166:50-60, 1990. 

2. Gabrielsen OS, Reppe S, Sletten K, 0yen TB, Scther O, Hagset A, Blingsmo OR, 
Gautvik VT, Gordeladze JO, Alestrom P, Gautvik KM . Expression and secretion of 
human parathyroid hormone in Saccharomyces cerevisiae. Gene, 90(2): 255-262, 1990. 

3. Hogset A, Blingsmo OR, Sather O, Gautvik VT, Holmgren E, Josephson S, 
Gabrielsen OS, Gordeladze JO, Alestrom P, Gautvik KM . Expression and characterization 
of a recombinant human parathyroid hormone secreted by E.coli employing the staphylo- 
coccal protein A promoter and signal sequence. J. Biol. Chem., 265: 7338-7344, 1990. 

In this regard we have received acceptance for an international patent on gene construc- 
tions, plasmids, the process and the down-stream technology. 

In the further work we have by using in vitro mutagenesis, created full length parathyroid 
hormone agonist which has shown to be protease resistant and have interesting biological 
actions regarding mobilization of calcium from bone. 
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Both the intact hormone as well as the agonist will represent important medical drugs for 
use in diagnostics as well as represent a potential drug for treatment of various diseases. 

4. Reppe, S., Olstad, O.K., Blingsmo, O.R., Gautvik, V.T., Sa?ther, 0., Gabrielsen, 
O.S., 0yen, T.B., Gordeladze, J.O., Haflan, A.K., Tubb, R M Morrison, N., Tashjian, 
A J. Jr., Alestrem, P M Gautvik KM. Successful cloning and production of human 
parathyroid hormone (hPTH) in yeast as a secretory product. ECB, 5th European Congress 
on Biotechnology, Copenhagen July 8-14, 1990. (Invited). 

5. Reppe, S., Gabrielsen, O.S., Olstad, O.K., Morrison, N., Sasther, O., Blingsmo, O.R., 
Gautvik, V.T., Gordeladze, J.O., Haflan, A.K., Voelkel, E,F., 0yen, T.B., Tashjian Jr., 
and Gaulvft . K , M . Production of recombinant human parathyroid hormone in yeast 
Synthesis, purification, and biological characterization of a Lys-26-Gln site directed 
mutant. J. Biol. Chem., 266: 14198-14201, 1991. 

6. Olstad, O.K., Reppe, S. f Gabrielsen, O.S., Hartmanis, M., Blingsmo, O.R., Gautvik, 
V.T., Haflan, A.K., Christensen, T.B., 0yen, T.B., Gautvik. K M . Isolation and 
characterization of two biologically active O-glycosylated forms of human parathyroid 
hormone produced in Saccharomyces cerevisiae. Identification of New Motif for O- 
glycosylation. Eur. J. Biochem., 205:311-319, 1992. 

7. Forsberg, G., Brobjer, M., Holmgren, E., Bergdahl, K., Persson, P M Gautvik. K.M .. 
and Hartmanis, M. Thrombin and H64A subtilisin cleavage of fusion proteins for 
preparation of human recombinant parathyroid hormone. J. Protein Chem. 1991 10(5V 
517-526, ' 

8. Kareem, B.N., Rokkoknes, E., Hegset, A., Holmgren, E., Gautvik. K M . a method 
for the evaluation of the efficiency of signal sequences for secretion and correct N-terminal 
processing of human parathyroid hormone produced in Escherichia colL Analytical 
Biochemistry, 1992, 204: 26-33. 

In our ongoing studies regarding the mapping of functional domains in human parathyroid 
hormone in comparison with the parathyroid hormone-like protein (PTHrP) we have 
expressed the human forms successfully in Saccharomyces cerevisiae and have also cDNA 
clones for their receptor as well as permanently transfected mammalian cells which express 
the receptor on the surface. By having access to PTH and PTH analogues as well as 
PTHrP, we are in a good position to map out the binding affinities of different hormonal 
forms as well as their coupling to different cellular signal systems. 

Recently we have expressed the first known full length antagonist for hPTH, a long sought 
for molecule of considerable clinical interest The compound has a binding K D which is 
2-4 times less than the natural hormone, but shows a more than 100-fold reduced biological 
activity. , 

9. Rian, E Jemdand, R., Olstad, O.K., Gordeladze, J.O., Gautvft k m. Expression of 
biologically active human parathyroid hormone-related protein (1-141) in Saccharomyces 
cerevisiae. Eur. J. Biochem. 213: 641-648, 1993) 

10. Rian, E., Jcmtland, R., Olstad, O.Kr., Endresen, M.J., Grosser, W.A., Thiede, M.A., 
Hcnnlcsen, T., Bucht, E.. Gautvik. K.M- Parathyroid hormone-related protein is produced by 
cultured endothelial cells; A possible role in angiogenesis. Biochem. Biophys. Res. 



Curriculum vitac - K.M. Gautvik 



23 



Commun.. 198(2); 740-747, 1994. 

1 1 . Karccm, N.B., Rokkoncs, E., Hogset, A M Holmgren, E. f Gautvik. K.M . Translocation 
and processing of various human parathyroid peptides in E.coli arc differentially affected by 
protein A signal sequence mutation. Eur. J. Biochem, 220: 893-900, 1994. 

12. Rokkoncs, E. ? Kareem, B.N., Olstad, O.K., Hpgsct, A., Schenstrem, K., Hansson, L.. 
Qaulvih, K.M- Expression of human parathyroid hormone in mammalian cells, Escherichia 
coli and Saccharomyces cerevisiae. J. Biotcchnol., 33: 293-306, 1994. 

13. Olsiad, O.K., Morrison, N.E., Jemtland, R., JUppner, H., Segre, G.V., Gautvik. K.M . 
Differences in binding affinities of human PTHO-84) do not alter biological potency: A 
comparison between chemically synthesized hormone and recombinant forms. Peptides, 15: 
1261-1265, 1994. 

14. Rokkones, E. t Fromm, S.H., Karccm, N.B., Olsiad, O.K., Hjigset, A., Klungeland, H., 
Iversen, J., Bj0ro, K., Gamvik K M. Human parathyroid hormone as a secretory peptide in 
milk of transgenic mice. Journal of Cellular Biochemistry, 59, 168-176 1995. 

15. Olstad, O.K., Jemtland, R., Loseth, O.P., Bringhurst, F.R., Gautvik, K.M . Expression 
and characterization of a recombinant human parathyroid hormone partial agonist with 
antagonistic protperties: Gly-hPTH(-l-+84). Peptides, vol. 16, 1031-1037, 1995. 

16. Mathavan, S., Gautvik, V.T., Rokkoncs. c., Olstad, O.K., Karccm, B.N., Maeda, S., 
Gautvik, K.M. High level production of human parathyroid hormone in Bombyx mori larvae 
and BmN cells using recombinant baculovirus. Gene, vol. 167, 33-39, 1995. 

17. Rian, E., Jemtland, R., Uselh, O.P., Gautvik, K.M. Characterization of mRNA 3-end 
formation in Saccharomyces cerevisiae detected by the 3'un translated regin of human 
PTHrP( 1-141) transcripts. Submitted. 

18. Olstad O.K., Jemtland, R„ Bringhurst, F.R., Gautvik, K.M. Expression and 
characterization of a partial recombinant human parathyroid hormone antagonist: Gly- 
hPTH(-l-+84). Manuscript, 1996. 
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The various recombinant PTH and PTHrP forms will be studied in their interaction with 
natural receptors of bone cells in culture and also in relation to recombinant receptor 
permanently transfected in mammalian cells. The aim nf this k to understand in more 
detail the structure activity relationship between the different hormonal forms and their 
ability to activate different 9e]1 n 1ar signalling systems. The ultimate goal will be to try to 
understand how the osteoblast is activated by parathyroid hormone in the bone remocelling 
process of importance for the elucidation of the causes and patogencsis of osteoporosis. 



n. NEUROENDOCRINE RECEPTORS AND THEIR FUNCTION 
During our cDNA cloning of G-coupled receptors in rat pituitary cells and in human CNS, 
we have identified four potential candidates for G protein coupled receptors distinct from 
the TRH clone in a human phage library. We were able to isolate and characterize a 
functional human TRH receptor and to present these results as the first original interna- 
tional report. In addition to engaging in characterization of the other receptors, we are at 
present working on the organization and functional aspects of the gene for the human TRH 
receptor. 

The ongoing and future research will concentrate on: 

1 . To map deleted receptor cDNA clones for functional activity using the Xenopus 
laevis oocyte system as a hormone (TRH) specific bioassay. 

2. Generation of transfected cells to map out the hormone-binding receptor region as 
well as dissect which part of the hormone receptor couples to the two previously 
characterized G proteins which mediate signal system activation conveying its 
physiological actions, namely the Gas coupling to the adenylyl cyclase system and 
the Gq/J I coupling to the phospholipase C. 

3. Making hybrid receptors between the thyroliberin and the PTHrP/PTH receptor in 
order to analyze further the importance of the different receptor domain for 
conveying signal transduction. 

4. Analyse the 5' -end of a newly isolated genomic clone for the human receptor. 

10. Matre, V M Karlsen, H.E., Wright, M.S., Lundell, L. f Fjeldheim, A.K., Gabrielsen, 
O.S., Larhammar, D., Gautvik, K.M. Molecular cloning of a functional human 
thyrotropin.releasing hormone receptor. Biochcm. Biophus. Res. Comm. 195: 179-185, 
1993. 

Two manuscripts in preparation. 
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III. STUDIES OF THE INTERACTION BETWEEN FATTY ACIDS AND 
DEXAMETH ASOME AND INSULIN REGARDING REGULATION OF 
PEROXISOMAL fl-OXIDATION ENZYMES. POSSIBLE INVOLVEMENT OF 
THE PEROXISOMAL PROLEFERATOR ACTIVATED RECEPTOR fPPARI 
GENE AND ITS REGULATION 

On a collaborative basis within my institute, I have since 1991 engaged in research 
regarding hormonal control of peroxisomal 8-oxidation enzymes triggered by a surprising 
finding that fatty acids and dexamethasome have strong synergistic actions in regulation of 
the transcription of these three enzyme genes. This positive cooperativity was completely 
blocked by insulin in cultured liver cells and also in intact rats. The studies were carried 
out on the RNA, protein and enzyme activity levels and opened a new side of this already 
very much studied area of fatty acid 8 oxidation. The ongoing research in this area will 
continue as a collaborative work between professor Jan-Ake Gustafsson's group at 
Huddinge Hospital and Institute for Medical Biochemistry, where we will concentrate on 
delineating the possible regulatory elements located in a genomic clone of the PPAR from 
rat. 

Relevant O. A.: 120,125,127,131,147,150. 



IV THE USE OF A NOVEL SENSITIVE MOLECULAR SUBTRACTION 
HYBRIDIZATION METHOD FOR STUDYING DIFFERENTIALLY 
EXPRESSED mRNAs 

Studies of hypothalamic mnpifir mRNAs obtain bv a ,h^i m hy b ridization P m^, 1Tr 
Isolation and characreri^tion of mRNAs specific for th* n WMW ^ ma ni,^ nht^ 

bV Subtraction hybridisation, 

Isol a tion and characteriration of mRNAs merific for p^thYr ™^ h ™™™» pr^ ^rinn 

in bone cells 
Conclusion 

This ongoing work has very successfully been able to isolate unique hypothalamic specific 
mRNAs among those also a novel somatostatin-like peptide. In addition, this subtracted 
library will probably contain the long sought for receptors which fatty acid or their 
metabolites are acting on, in order to regulate calorie intake and consumption. This 
bridges then the research going on in Chapter EI and its work. The unique subtracted 
hypothalamic library can be exemplified with the finding that we also have isolated a novel 
calcium calmodulin kinase whose distribution is unique in CNS and also a transmembrane 
protein of secretory vesicles which has never previously been cloned in mammalian 
species, but has its homology in the electric organ of the electric eel. The characterization 
and stud!es of full-length cDNA clones from these mRNAs are given highest priority. 
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f^Llt of ****** P««nt ^ human osteosarcoma cells and absent 

~«£T„ J. 0 " 6 ^tr ^ Pr ° missm8 311(1 "^'y Icads encouraging considerations 
regarding the possdaliry to obtain osteoporosis specific genes as definSby PTH specS 
mRNAs in normal osteoblasts. 
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GAUTVIK 3.0-001 FWC CIP CONT FWC DIV 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Group Art Unit: 1812 
Examiner: L. Spector 



In re patent application of 
Gautvik et al . . 

Serial No. 08/340,664 

Filed: November 16, 1994 

For: PRODUCTION OF HUMAN 

PARATHYROID HORMONE FROM 
MICROORGANISMS 



Assistant Commissioner for Patents 
Washington, D. C. 20231 

DECLARATION OF JOHN E. MAGGIO, Ph.D. PURSUANT TO 
37 C.F.R. § 1.132 

Sir: 

I, John E. Maggio, declare as follows: 

1. I am a citizen of the United States of America 
residing at 480 Washington Street, Brookline, Mass. 02146. 

2. I am an Associate Professor of Biological^ 



Chemistry and Molecular Pharmacology at Harvard Medical School, 
Boston, Massachusetts. I have been a professor at Harvard 
Medical School since 1985. 

3. My formal education includes Bachelors, Masters 
and Doctoral degrees, in the fields of chemistry and organic 
chemistry, all from Harvard University. I have also had 
extensive post-doctoral training at the University Chemical 
Laboratory and MRC Neurochemical Pharmacology Unit, Cambridge 
University, Cambridge, England, and at the 

Neuropsychopharmacology Research Unit at Yale University 
Medical School in New Haven. Both post-doctoral positions 
involved protein and peptide chemistry and purification 
thereof. My current curriculum vitae, including a list of my 
publications is attached as Exhibit 1. 



4 . My past and present work centers around 
synthesis, purification and characterization of biologically 
active peptides including tachykinins, magainins and amyloid 
peptides. As part of my work and since at least the late 
1970s, I have used various forms of chromatography and 
electrophoresis for the purification of peptides and for their 
characterization, i am fully familiar with these techniques, 
and the state of their development throughout the 1980s and 
1990s. I am also fully familiar with the past and present 
capabilities and limitations of such techniques. 
Representative of my work with peptide separation and 
characterization is an article attached as Exhibit 2 entitled 
"Mapping Peptide-binding Domains of the Substance P(NK-l) 
Receptor from P388Di Cells with Photolabile Agonists'', J. 
Biological Chemistry. 270, (1995), 1213-1220. 

5. My knowledge of chromatography, electropho res isl- 
and other techniques used commonly in protein chemistry stems 

t 

from my repeated use of those techniques throughout my career. 
I have supervised students and other scientists using these 
techniques and have taught the techniques, both in the 
classroom and in the laboratory. Therefore, I am comfortable 
judging the ordinary level of skill that a person in this art 
would possess in terms of the theoretical and the bench aspects 
of these techniques. 

6. In preparing this declaration I reviewed, among 
other things, the following materials: a copy of the 
specification of U.S. Serial No. 08/340,664, filed November 16, 
1994, (the n, 664 application"); a copy of the Official Action 
dated September 8, 1995 issued by the patent examiner, Dr. 
Spector; copies of each of the references identified in the 
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Official Action; and a copy of the Declaration of Kaare M. 
Gautvik, M.D. Pursuant to 37 C.F.R. § 1.132 as well as the 
documents and photographs attached thereto. 

7. I understand from my review of the Official 
Action, the United States Patent and Trademark Office has 
refused to grant the 1 664 application in view of the 
disclosures of four references: Brewer et al. , Fairwell et al., 
Kimura et al. and/or Kumagaye et al. 

8. I have reviewed the four references cited by the 
Patent Office and I do not agree with the Patent Office's 
conclusions regarding their teachings or disclosures. In my 
opinion, none of the references describe or suggest a method of 
obtaining a substantially pure, intact, hPTH peptide. None of 
the references provides a basis for concluding that a 
substantially pure hPTH product was actually produced. 
Further, nothing in the references describes an hPTH pep tide- 
having biological activity substantially equivalent to 
naturally occurring hPTH. I believe that a biochemist, organic 
chemist or analytical chemist having an ordinary level of skill 
in this technology would not be unable to draw any conclusion 
with regard to the purity of hPTH produced in accordance with 
the cited references. If anything, given the errors appearing 
in those references and the known shortcomings of the 
techniques described in the references, e.g. solid phase 
chemical synthesis, those of ordinary ' skill in the art would 
probably assume that the resulting hPTH material was impure. 

9. Brewer et al. relate to an isolation from 
tissue, not a recombinant material . Brewer et al . contain 
three errors at positions 22, 28 and 30 of the synthesized 
peptide compared to the wild-type peptide. This is illustrated 
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in Fig. 1 of Brewer et al. Accordingly, Brewer et al . do not 
teach the production of an intact hPTH peptide. Moreover, two 
later publications cited by Dr. Spector in the Official Action, 
namely Kimura et al . and Kumagaye et al., show that the 
purification protocols discussed in Brewer et al. result in 
impure materials. For example, Fig. 2, on page 496 of Kimura 
et al. is an HPLC profile of crude product obtained after use 
of a separation protocol analogous to that disclosed in Brewer 
et al.; namely, the use of a combination of gel filtration and 
ion exchange chromatography. Impurities are plainly evident. 
Therefore, a conclusion of homogeneity based on Brewer et al.. 
is unjustified. Further, Kimura et al. describe a purification 
sequence of CM-cellulose column chromatography followed by gel 
filtration on Sephadex G-50, followed in turn by the use of 
reverse phase-high pressure liquid chromatography {"RP-HPLC") . 
Kimura et al. added the RP-HPLC step in recognition of the need 
to obtain better purity than Brewer et al . obtained. This fact 
alone, in my opinion, eliminates any plausible basis for 
concluding that the protein resulting from the methods 
described in Brewer et al. was essentially pure. 

10. Many of the criticisms of Brewer et al . apply to 
Fairwell et al. For example, Fairwell et al. produced a 
peptide having an Asp at position 76. Native hPTH has an Asn 
in that position. Fairwell et al. also used a separation 
protocol combining the use of gel filtration and ion exchange 
chromatography. As previously mentioned, that protocol was re- 
run by Kimura et al. and the results, as illustrated in the 
chromatogram in Fig. 2 thereof, show significant impurities. 
Finally, as Kimura et al. used RP-HPLC rather than relying 
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merely on the separation' protocol described in Fairwell et al . , 
it is clear that subsequent investigators believed that the 
separation protocols of Fairwell et al. were inadequate. 

11. Kimura et al. did not produce an essentially 
pure hPTH. As Kumagaye et al* clearly explain, "[tjoday, many 
peptides are synthesized by a solid-phase procedure and 
purified simply by a RP-HPLC system; the present results 
clearly indicate that the purification of synthetic peptides by 
RP-HPLC is not sufficient to obtain homogeneous products." 
(Emphasis added) Kumagaye et al. at page 330. This is 
especially significant because Kumagaye et al. is the same 
group of researchers as Kimura et al . 

12. Kumagaye et al. disclose a method of separating 
two different forms of hPTH from a mixture thereof by using 
cation exchange-HPLC . This is not a particularly surprising 
-result as the two forms of hPTH disclosed have a full charge 
difference between them, a situation ideal for the use of 
cation exchange-HPLC. Nonetheless, one of ordinary skill in 
the art would not conclude that the 1 resulting hPTH in 
accordance with Kumagaye et al. was essentially pure. One 
could conclude that the resulting material was pure of the one 
specific impurity, i.e. the specific point mutated form 
disclosed. However, there is no basis for concluding further. 
If anything, as explained herein, there is every reason to 
believe that impurities are present. 

13. Kumagaye et al. describe a solid phase peptide 
synthesis protocol which was common at the time. That 
synthesis, as explained in the Kimura et al. article, involved 
the use of BOC protected amino acids and traditional BOC 
chemistry. Using BOC chemistry, each successive amino acid is 
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added to the N-terminus of a growing chain by first removing 
the blocking group in acid, then neutralizing prior to 
coupling, followed by coupling the next BOC amino acid in 
sequence using, for example, dicyclohexylcarbodiimide ("DCC") . 

14. This technology suffers from a number of well 
known shortcomings and, in fact, has largely been replaced. One 
of the better known and most common problems with solid phase 
BOC chemistry, particularly for longer peptides such as hPTH, 
is racemization. As explained in Bodanszky, "Peptide Chemistry; 
A Practical Textbook" at page 120, the problem of racemization 
using DCC coupling and BOC chemistry is well documented. See 
Exhibit 3. This chapter, as well as the others attached as 
Exhibit 3, demonstrate the prevalence of racemization and 
concerns over this phenomenon during solid phase protein 
synthesis . 

15. Some of the other well known impurities generated 
by solid phase synthesis are described in the Fairwell et al. 
article cited by Dr. Spector at page 2691. These impurities 
include, among other things, deletion peptides, omission 
peptides and prematurely terminated peptides. For example, 
during solid phase synthesis it is possible for coupling to be 
either duplicative or incomplete, thereby providing a peptide 
having an additional amino acid or an omission from the normal 
sequence. There may be one or more additions and/or deletions 
in any given peptide. These additions and/or deletions can 
occur almost anywhere along the chain. Premature termination 
of the chain length is also common. This may occur for a host 
of reasons such as, peptides folding in on themselves, side 
reactions to make the N-terminal amino acid unavailable for 
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further coupling, steric hindrance, premature cleavage from 
the bead, and the like. 

16. To fully understand the magnitude of the 
purification problems presented by the use of this type of 
synthetic chemistry, one needs to consider that all three of 
the foregoing problems, incomplete coupling, premature 
termination, and racemization, are occurring simultaneously. 
The result often is . a wide variety of incorrect peptides, 
frequently including two or more of the aforementioned errors. 
The frequency of these errors, and therefore the degree of 
impurity, increases exponentially with the length of desired 
peptide. Proteins such as hPTH, which is 84 amino acids in 
length, are considered to be long and difficult to make 
synthetically, even by today's sophisticated standards. The 
technique employed by Kumagaye et ai, cation exchange-HPLC, 
could be used for separating some of the resulting impurities. 
However, this technique would only work for that fraction of 
the total impurities having a charge differential when compared 
to native hPTH; a relatively minor percentage of the total 
impurities. In addition, depending upon the conditions used, 
not all of the differently charged species will be separated. 
Some of the resulting impurities may have a charge which is 
very similar to native hPTH, and may co-elute with hPTH. Any 
single impurity, if known, could theoretically be removed from 
the mixture by HPLC, RP-HPLC, and/or some other separation 
technique (s) . Here, with the many possible impurities, it 
would be nearly impossible to effectively remove them all. 

17. Persons familiar with cation exchange-HPLC would 
realize that .the types of impurities to which I have referred 
result, almost inevitably, from the use of solid phase BOC 
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chemistry and that many of the impurities co-elute with intact 
hPTH. Therefore, one would conclude, as I concluded, that the 
hPTH material resulting from the protocol described in Kumagaye 
et al. is pure only insofar as the one disclosed point mutant. 
No further conclusions about purity can be made. If anything, 
the impurities known to result from the solid phase synthesis 
described in the references would lead to the conclusion that 
the hPTH resulting from Kumagaye et al . would contain other 
impurities. Kumagaye et al. provide no explicit recitations of 
purity, provide no other form of characterization of the 
quality or quantity of the resulting hPTH material and provide 
nothing with regard to biological activity. Due to the 
cellular editing mechanisms found in, for example, yeast and E. 
coll, such impurities would not occur. 

18. My opinion, of all of the references, and, in 
particular Kumagaye et al. , is strengthened by the comparisons 
that I have reviewed between recombinant hPTH manufactured as 
described in the 1 664 application and commercially available, 
synthetically produced, hPTH produced by solid phase peptide 
synthesis . 

19. As stated in paragraph 6, I have reviewed the 
declaration of Dr. Kaare M. Gautvik and, in particular, the 
photographs labeled Glossy 0 through Glossy III attached in 
Exhibits B-E, respectively, thereto. I understand from Dr. 
Gautvik 1 s declaration that the materials analyzed and depicted 
in these photographs were made pursuant to the techniques 
described in the 1 664 application. Having reviewed that 
specification, I have no reason to question that assertion. 
The photographs are particularly informative because they 
provide a direct comparison between peptides produced by solid 
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phase chemical synthesis and recombinant technology as 
described in the '664 application. 

20. Glossy 0 illustrates an electrophoretic gel 
comparing recombinantly produced hPTH from Dr. Gautvik's 
laboratory with hPTH produced by solid phase synthesis sold by 
Sigma. Lane 2 (second from the left) contains the recombinant 
hPTH produced by Dr. Gautvik. The single broad band indicates 
homogeneity. In contrast, the Sigma material illustrated in 
Lane 3 shows a band migrating at roughly the same position as 
the hPTH produced recombinantly and two additional impurities 
of higher molecular weight. Based on the presence of these 
impurities in the Sigma material, the intensity and breadth of 
the bands and the relative intensities and sizes of the bands 
of hPTH, it is not hard to see that the recombinant material is 
orders of magnitude purer than the Sigma material. 

21. Glossy III shows molecular weight standards in 
Lane S as well as recombinant hPTH produced from E. coli (Lane 
4) and yeast (Lane 2) produced in accordance with the 
procedures outlined in the '664 application. Disposed between 
these materials, in Lane 3 is a synthetic material produced by 
solid phase- synthesis available from a second chemical 
supplier, Bachem. The recombinant material is characterized by 
a single, sharp, dark, broad band corresponding to hPTH. In 
contrast, the Bachem lane illustrates the presence of lower 
molecular weight impurities in a smear. Moreover, the 
difference in the intensity of the staining indicates a 
significantly greater amount of hPTH in the recombinant 
preparations than in the chemically synthesized preparations, 
using an identical load (800 nanograms) of assayed material. 
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22. Glossy II contains, in addition to the 
information illustrated in Glossy III (lanes 27 through 29), 
identical preparations at a loading of 200 nanograms, (lanes 22 
through 24). The difference in the intensities of the bands 
between the recombinantly produced material and the solid phase 
synthetic material available from Bachem illustrates the 
significantly greater amount of hPTH in the recombinant 
material, per unit weight. (Lanes 22 and 24 contain 
recombinant material and line 23 contains synthetic.) This 
information is totally consistent with the HPLC, N-terminal 
amino acid sequencing, mass spectrometry and two dimensional 
gel electrophoresis described in the '664 application. Based on 
this information, one of any level of skill in this art would 
conclude, as I have, that the recombinant material produced in 
accordance with the present invention is essentially pure. 

23. My opinions are both verified and amplified by 
my review of Dr. Gautvik f s declaration and, in particular, his 
publication in the peer-ref ereed journal Peptides , attached to 
his Declaration as Exhibit F. This article clearly 
demonstrates the biological properties of the recombinant 
material produced in accordance with the '664 application and 
verifies that which would be implicitly understood therefrom; 
namely that the hPTH material of the invention has biological 
activity substantially equivalent to naturally occurring human 
parathyroid hormone. Chemically synthesized material does not . 

24. Dr. Gautvik's Peptides article is significant in 
that it illustrates both in vivo and in vitro biological 
activity. The results consistently reemphasize the superiority 
of the recombinant hPTH material in direct side-by-side 
comparisons to synthetic material. Fig. 1 of the Peptides 
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paper illustrates the differences in binding affinity between 
recombinant hPTH produced in accordance with the 1 664 
application from both E. coli and yeast and synthetic material 
from Bachem. The K<i of the recombinant material was 9.5nM 
while the of the Bachem material was 18nM. This illustrates 
that the recombinant material contains approximately twice as 
much authentic hPTH when compared to the chemically synthesized 
material. The differences between these values are very 
statistically significant as described in the paper (95% 
confidence intervals and redundant testing in triplicate) . 
Because the K d values indicate a greater amount of authentic 
hPTH per unit weight, the significant difference between the 
two K d values indicate a dramatic difference in purity. 

25. Fig. 2 of the Peptides paper illustrates the 
abilities of different preparations of hPTH to elicit a 
biological response in cell cultures. From Fig. 2 one can 
determine both an EC 50 for cyclic AMP (cAMP) as well as a 
measure of efficacy or maximal response. EC50 is a measure of 
the potency of the materials in question. Here, the EC50 for 
recombinant hPTH is 1.5nM. The Ec 5 o for the Bachem material 
was 5.7nM. This is almost a four fold difference. As the 
figure and the accompanying text illustrate, this difference is 
highly statistically significant. 

26. One of the more surprising findings outlined in 
the Peptides paper is the efficacy of the resulting materials. 
It appears that the Bachem material is only about 70% as 
efficacious as the recombinant hPTH. This means that no dose 
of synthetic material would be able to produce the maximal 
response of the tested cells, a problem not shared by the 
recombinant material. These two figures, acting in 
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combination, illustrate that the recombinant material is 
superior not only in purity, but also in binding and in 
eliciting a biological response. Moreover, the data just 
described are completely consistent with the data illustrated 
in Figs. 3-5 which show the in vivo activity of recombined hPTH 
in rats. In particular, Fig. 3 confirms the efficacy and 
potency data described in Fig. 2 by exhibiting an increased 
level of blood calcium over that achievable through the use of 
the synthetic material. Even 2.7 micrograms of Bachem PTH was 
unable to produce the same results as 2.0 micrograms of 
recombinant PTH. 

27. The Peptide paper is a particularly good 
comparison of the recombinant material produced in accordance 
with the '664 application and synthetically produced material 
because of its careful characterizations and the variety of 
analytical techniques used. For example, peptide 

concentrations were determined by amino acid analysis. This is 
the premier method of determining peptide concentrations to 
date and is superior to other techniques such as optical 
density or dry weight. In vivo activity was measured not in 
one system, but rather by induction of hypercalcemia, urinary 
excretion of phosphate and by changes in urinary cAMP after 
administration of hPTH. Moreover, in vitro activity was 
assayed by receptor binding and cAMP responses of cells in 
culture. The variety of techniques used would appear to 
conclusively establish the superiority of recombinant material 
over synthetic material, both biologically and in terms of its 
purity. For these reasons, I believe that essentially pure 
recombinant material results from the practice of the invention 
described in the above-captioned application and that this hPTH 
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material is superior to anything in the prior art- I also 
believe that one of ordinary skill in the art would, upon 
reading the application, conclude as I have. 



and the like are punishable by fine or imprisonment or both (18 
U.S.C. 1001) and may jeopardize the validity of the application 
or any patent issuing thereon. I declare that all statements 
made in this declaration of my own knowledge are true and that 
all statements made on information and belief are believed to 
be true. 



28. I have been warned that willful false statements 
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DECLARATION OF JOHN E. MAGGIO, Ph.D. PURSUANT TO 
37 C.F.R. § 1.132 

Sir: 

I, John E. Maggio, declare as follows: 

1. I am a citizen of the United States of America 
residing at 480 Washington Street, Brookline, Mass. 02146. 

2. I am an Associate Professor of Biological^ 
Chemistry and Molecular Pharmacology at Harvard Medical School, 
Boston, Massachusetts. I have been a professor at Harvard 
Medical School since 1985. 

3. My formal education includes Bachelors, Masters 
and Doctoral degrees, in the fields of chemistry and organic 
chemistry, all from' Harvard University. I have also had 
extensive post-doctoral training at the University Chemical 
Laboratory and MRC Neurochemical Pharmacology Unit, Cambridge 
University, Cambridge, England, and at the 
Neuropsychopharmacology Research Unit at Yale University 
Medical School in New Haven. Both post-doctoral positions 
involved protein and peptide chemistry and purification 
thereof. My current curriculum vitae, including a list of my 
publications is attached as Exhibit 1. 



4. My past and present work centers around 
synthesis, purification and characterization of biologically 
active peptides including tachykinins, magainins and amyloid 
peptides. As part of my work and since at least the late 
1970s, I have used various forms of chromatography and 
electrophoresis for the purification of peptides and for their 
characterization. I am fully familiar with these techniques, 
and the state of their development throughout the 1980s and 
1990s . I am also fully familiar with the past and present 
capabilities and limitations of such techniques. 
Representative of my work with peptide separation and 
characterization is an article • attached as Exhibit 2 entitled 
"Mapping Peptide-binding Domains of the Substance P(NK-l) 
Receptor from P388D! Cells with Photolabile Agonists", J . 
Biological Chemistry. 270, (1995), 1213-1220. 

5. My knowledge of chromatography, electrophores isl- 
and other techniques used commonly in protein chemistry stems 
from my repeated use of those techniques throughout my career. 
I have supervised students and other scientists using these 
techniques and have taught the techniques, both in the 
classroom and in the laboratory. Therefore, I am comfortable 
judging the ordinary level of skill that a person in this art 
would possess in terms of the theoretical and the bench aspects 
of these techniques. 

6. In preparing this declaration I reviewed, among 
other things, the following materials: a copy of the 
specification of U.S. Serial No. 08/340,664, filed November 16, 
1994, (the n, 664 application"); a copy of the Official Action 
dated September 8, 1995 issued by the patent examiner, Dr. 
Spector; copies of each of the references identified in the 
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Official Action; and a copy of the Declaration of Kaare M. 
Gautvik, M.D. Pursuant to 37 C.F.R. § 1.132 as well as the 
documents and photographs attached thereto. 

7. I understand from my review of the Official 
Action, the United States Patent and Trademark Office has 
refused to grant the ! 664 application in view of the 
disclosures of four references: Brewer et al., Fairwell et al., 
Kimura et al. and/or Kumagaye et al. 

8. I have reviewed the four references cited by the 
Patent Office and I do not agree with the Patent Office's 
conclusions regarding their teachings or disclosures. In my 
opinion, none of the references describe or suggest a method of 
obtaining a substantially pure,, intact, hPTH peptide. None of 
the references provides a basis for concluding that a 
substantially pure hPTH product was actually produced. 
Further, nothing in the references describes an hPTH peptide. 
having biological activity substantially equivalent to 
naturally occurring hPTH. I believe that a biochemist, organic 
chemist or analytical chemist having an ordinary level of skill 
in this technology would not be unable to draw any conclusion 
with regard to the purity of hPTH produced in accordance with 
the cited references. If anything, given the errors appearing 
in those references and the known shortcomings of the 
techniques described in the references, e.g. solid phase 
chemical synthesis, those of ordinary skill in the art would 
probably assume that the resulting hPTH material was impure. 

9. Brewer et al. relate to an isolation from 
tissue, not a recombinant material. Brewer et al. contain 
three errors at positions 22, 28 and 30 of the synthesized 
peptide compared to the wild-type peptide. This is illustrated 
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in Fig. 1 of Brewer et al. Accordingly, Brewer et al. do not 
teach the production of an intact hPTH peptide. Moreover, two 
later publications cited by Dr. Spector in the Official Action, 
namely Kimura et al. and Kumagaye et al . , show that the 
purification protocols discussed in Brewer et al. result in 
impure materials. For example, Fig. 2, on page 4 96 of Kimura 
et al. is an HPLC profile of crude product obtained after use 
of a separation protocol analogous to that disclosed in Brewer 
et al.; namely, the use of a combination of gel filtration and 
ion exchange chromatography. Impurities are plainly evident. 
Therefore, a conclusion of homogeneity based on Brewer et al . . 
is unjustified. Further, Kimura et al. describe a purification 
sequence of CM-cellulose column chromatography followed by gel 
filtration on Sephadex G-50, followed in turn by the use of 
reverse phase-high pressure liquid chromatography ("RP-HPLC"). 
Kimura et al. added the RP-HPLC step in recognition of the need 
to obtain better purity than Brewer et al . obtained. This fact 
alone, in my opinion, eliminates any plausible basis for 
concluding that the protein resulting from the methods 
described in Brewer et al. was essentially pure. 

10. Many of the criticisms of Brewer et al. apply to 
Fairwell et al. For example, Fairwell et al. produced a 
peptide having an Asp at position 76. Native hPTH has an Asn 
in that position. Fairwell et al. also used a separation 
protocol combining the use of gel filtration and ion exchange 
chromatography. As previously mentioned, that protocol was re- 
run by Kimura et al. and the results, as illustrated in the 
chromatogram in Fig. 2 thereof, show significant impurities. 
Finally, as Kimura et al. used RP-HPLC rather than relying 
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merely on the separation protocol described in Fairwell et al,, 
it is clear that subsequent investigators believed that the 
separation protocols of Fairwell et al, were inadequate. 

11. Kimura et al . did not produce an essentially 
pure hPTH. As Kumagaye et al, clearly explain, "[t]oday, many 
peptides are synthesized by a solid-phase procedure and 
purified simply by a RP-HPLC system; the present results 
clearly indicate that the purification of synthetic peptides by 
RP-HPLC is not sufficient to obtain homogeneous products . " 
(Emphasis added) Kumagaye et al, at page 330. This is 
especially significant because Kumagaye et al, is the same 
group of researchers as Kimura et al, 

12. Kumagaye et al, disclose a method of separating 
two different forms of hPTH from a mixture thereof by using 
cation exchange-HPLC . This is not a particularly surprising 
result as the two forms of hPTH disclosed have a full charge 
difference between them, a situation ideal for the use of 
cation exchange-HPLC . Nonetheless, one of ordinary skill in 
the art would not conclude that the' resulting hPTH in 
accordance with Kumagaye et al, was essentially pure. One 
could conclude that the resulting material was pure of the one 
specific impurity, i.e. the specific point mutated form 
disclosed. However, there is no basis for concluding further. 
If anything, as explained herein, there is every reason to 
believe that impurities are present. 

13. Kumagaye et al, describe a solid phase peptide 
synthesis protocol which was common at the time. That 
synthesis, as explained in the Kimura et al, article, involved 
the use of BOC protected amino acids and traditional BOC 
chemistry. Using BOC chemistry, each successive amino acid is 
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added to the N-terminus of a growing chain by first removing 
the blocking group in acid, then neutralizing prior to 
coupling, followed by coupling the next BOC amino acid in 
sequence using, for example, dicyclohexylcarbodiimide ("DCC") . 

14. This technology suffers from a number of well 
known shortcomings and, in fact, has largely been replaced. One 
of the better known and most common problems with solid phase 
BOC chemistry, particularly for longer peptides such as hPTH, 
is racemization. As explained in Bodanszky, "Peptide Chemistry; 
A Practical Textbook" at page 120, the problem of racemization 
using DCC coupling and BOC chemistry is well documented. See 
Exhibit 3. This chapter, as well as the others attached as 
Exhibit 3, demonstrate the prevalence of racemization and 
concerns over this phenomenon during solid phase protein 
synthesis . 

15. Some of the other well known impurities 'generated 
by solid phase synthesis are described in the Fairwell et ai. 
article cited by Dr. Spector at page 2691. These impurities 
include, among other things, deletion peptides, omission 
peptides and prematurely terminated peptides. For example, 
during solid phase synthesis it is possible for coupling to be 
either duplicative or incomplete, thereby providing a peptide 
having an additional amino acid or an omission from the normal 
sequence. There may be one or more additions and/or deletions 
in any given peptide. These additions and/or deletions can 
occur almost anywhere along the chain. Premature termination 
of the chain length is also common. This may occur for a host 
of reasons such as, peptides folding in on themselves, side 
reactions to make the N-terminal amino acid unavailable for 



further coupling, steric hindrance, premature cleavage from 
the bead, and the like. 

16. To fully understand the magnitude of the 
purification problems presented by the use of this type of 
synthetic chemistry, one needs to consider that all three of 
the foregoing problems, incomplete coupling, premature 
termination, and racemization, are occurring simultaneously. 
The result often is a wide variety of incorrect peptides, 
frequently including two or more of the aforementioned errors. 
The frequency of these errors, and therefore the degree of 
impurity, increases exponentially with the length of desired 
peptide. Proteins such as hPTH, which is 84 amino acids in 
length, are considered to be long and difficult to make 
synthetically, even by today's sophisticated standards. The 
technique employed by Kumagaye et al, cation exchange-HPLC, 
could be used for separating some of the resulting impurities. 
However, this technique would only work for that fraction of 
the total impurities having a charge differential when compared 
to native hPTH; a relatively minor percentage of the total 
impurities. In addition, depending upon the conditions used, 
not all of the differently charged species will be separated. 
Some of the resulting impurities may have a charge which is 
very similar to native hPTH, and may co-elute with hPTH. Any 
single impurity, if known, could theoretically be removed from 
the mixture by HPLC, RP-HPLC, and/or some other separation 
technique (s) . Here, with the many possible impurities, it 
would be nearly impossible to effectively remove them all. 

17. Persons familiar with cation exchange-HPLC would 
realize that the types of impurities to which I have referred 
result, almost inevitably, from the use of solid phase BOC 
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chemistry and that many of the impurities co-elute with intact 
hPTH. Therefore, one would conclude, as I concluded, that the 
hPTH material resulting from the protocol described in Kumagaye 
et al. is pure only insofar as the one disclosed point mutant. 
No further conclusions about purity can be made. If anything, 
the impurities known to result from the solid phase synthesis 
described in the references would lead to the conclusion that 
the hPTH resulting from Kumagaye et al, would contain other 
impurities. Kumagaye et al. provide no explicit recitations of 
purity, provide no other form of characterization of the 
quality or quantity of the resulting hPTH material and provide 
nothing with regard to biological activity. Due to the 
cellular editing mechanisms found in, for example, yeast and E. 
colif such impurities would not occur. 

18. My opinion of all of the references, and, in 
particular Kumagaye et al., is strengthened by the comparisons 
that I have reviewed between recombinant hPTH manufactured as 
described in the '664 application and commercially available, 
synthetically produced, hPTH produced by solid phase peptide 
synthesis . 

19. As stated in paragraph 6, I have reviewed the 
declaration of Dr. Kaare M. Gautvik and, in particular, the 
photographs labeled Glossy 0 through Glossy III attached in 
Exhibits B-E, respectively, thereto. I understand from Dr. 
Gautvik' s declaration that the materials analyzed and depicted 
in these photographs were made pursuant to the techniques 
described in the '664 application. Having reviewed that 
specification, I have no reason to question that assertion. 
The photographs are particularly informative because they 
provide a direct comparison between peptides produced by solid 
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phase chemical synthesis and recombinant technology as 
described in the '664 application. 

20. Glossy 0 illustrates an electrophoretic gel 
comparing recombinantly produced hPTH from Dr. Gautvik's 
laboratory with hPTH produced by solid phase synthesis sold by 
Sigma. Lane 2 (second from the left) contains the recombinant 
hPTH produced by Dr. Gautvik. The single broad band indicates 
homogeneity. In contrast, the Sigma material illustrated in 
Lane 3 shows a band migrating at roughly the same position as 
the hPTH produced recombinantly and two additional impurities 
of higher molecular weight. Based on the presence of these 
impurities in the Sigma material, the intensity and breadth of 
the bands and the relative intensities and sizes of the bands 
of hPTH, it is not hard to see that the recombinant material is 
orders of magnitude purer than the Sigma material. 

21. Glossy III shows molecular weight standards in 
Lane S as well as recombinant hPTH produced from E. coli (Lane 
4) and yeast (Lane 2) produced in accordance with the 
procedures outlined in the '664 application. Disposed between 
these materials, in Lane 3 is a synthetic material produced by 
solid phase synthesis available from a second chemical 
supplier, Bachem. The recombinant material is characterized by 
a single, sharp, dark, broad band corresponding to hPTH. In 
contrast, the Bachem lane illustrates the presence of lower 
molecular weight impurities in a smear. Moreover, the 
difference in the intensity of the staining indicates a 
significantly greater amount of hPTH in the recombinant 
preparations than in the chemically synthesized preparations, 
using an identical load (800 nanograms) of assayed material. 
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22. Glossy II contains, in addition to the 
information illustrated in Glossy III (lanes 27 through 29) , 
identical preparations at a loading of 200 nanograms, (lanes 22 
through 24). The difference in the intensities of the bands 
between the recombinantly produced material and the solid phase 
synthetic material available from Bachem illustrates the 
significantly greater amount of hPTH in the recombinant 
material, per unit weight. (Lanes 22 and 24 contain 
recombinant material and line 23 contains synthetic.) This 
information is totally consistent with the HPLC, N-terminal 
amino acid sequencing, mass spectrometry and two dimensional 
gel electrophoresis described in the 1 664 application. Based on 
this information, one of any level of skill in this art would 
conclude, as I have, that the recombinant material produced in 
accordance with the present invention is essentially pure. 

23. My opinions are both verified and amplified by 
my review of Dr. Gautvik's declaration and, in particular, his 
publication in the peer-ref ereed journal Peptides , attached to 
his Declaration as Exhibit F. This article clearly 
demonstrates the biological properties of the recombinant 
material produced in accordance with the '664 application and 
verifies that which would be implicitly understood therefrom; 
namely that the hPTH material of the invention has biological 
activity substantially equivalent to naturally occurring human 
parathyroid hormone. Chemically synthesized material does not . 

24. Dr. Gautvik's Peptides article is significant in 
that it illustrates both in vivo and in vitro biological 
activity. The results consistently reemphasize the superiority 
of the recombinant hPTH material in direct side-by-side 
comparisons to synthetic material. Fig. 1 of the Peptides 
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paper illustrates the differences in binding affinity between 
recombinant hPTH produced in accordance with the 1 664 
application from both E. coli and yeast and synthetic material 
from Bachem. The K d of the recombinant material was 9.5nM 
while the Kd of the Bachem material was 18nM. This illustrates 
that the recombinant material contains approximately twice as 
much authentic hPTH when compared to the chemically synthesized 
material. The differences between these Kd values are very 
statistically significant as described in the paper (95% 
confidence intervals and redundant testing in triplicate) . 
Because the K d values indicate a greater amount of authentic 
hPTH per unit weight, the significant difference between the 
two K d values indicate a dramatic difference in purity. 

25. Fig.. 2 of the Peptides paper illustrates the 
abilities of different preparations of hPTH to elicit a 
biological response in cell cultures. From Fig. 2 one can 
determine both an EC 50 for cyclic AMP (cAMP) as well as a 
measure of efficacy or maximal response. EC 5 o is a measure of 
the potency of the materials in question. Here, the EC 5 o for 
recombinant hPTH is 1.5nM. The Ec 50 for the Bachem material 
was 5.7nM. This is almost a four fold difference. As the 
figure and the accompanying text illustrate, this difference is 
highly statistically significant. 

26. One of the more surprising findings outlined in 
the Peptides paper is the efficacy of the resulting materials. 
It appears that the Bachem material is only about 70% as 
efficacious as the recombinant hPTH. This means that no dose 
of synthetic material would be able to produce the maximal 
response of the tested cells, a problem not shared by the 
recombinant material. These two figures, acting in 



-11- 



combination, illustrate that the recombinant material is 
superior not only in purity, but also in binding and in 
eliciting a biological response. Moreover, the data just 
described are completely consistent with the data illustrated 
in Figs. 3-5 which show the in vivo activity of recombined hPTH 
in rats. In particular, Fig. 3 confirms the efficacy and 
potency data described in Fig. 2 by exhibiting an increased 
level of blood calcium over that achievable through the use of 
the synthetic material. Even 2.7 micrograms of Bachem PTH was 
unable to produce the same results as 2.0 micrograms of 
recombinant PTH. 

27. The Peptide paper is a particularly good 
comparison of the recombinant material produced in accordance 
with the f 664 application and synthetically produced material 
because of its careful characterizations and the variety of 
analytical techniques used. For example, peptide 

concentrations were determined by amino acid analysis. This is 
the premier method of determining peptide concentrations to 
date and is superior to other techniques such as optical 
density or dry weight. In vivo activity was measured not in 
one system, but rather by induction of hypercalcemia, urinary 
excretion of phosphate and by changes in urinary cAMP after 
administration of hPTH. Moreover, in vitro activity was 
assayed by receptor binding and cAMP responses of cells in 
culture. The variety of techniques used would appear to 
conclusively establish the superiority of recombinant material 
over synthetic material, both biologically and in terms of its 
purity. For these reasons, I believe that essentially pure 
recombinant material results from the practice of the invention 
described in the above-captioned application and that this hPTH 
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PARATHYROID HORMONE FROM : 

MICROORGANISMS : 
X 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

DECLARATION OF KAARE M. GAUTVIK , M.D . 
PURSUANT TO 37 C.F.R. § 1.132 

Sir : 

I, KAARE M. GAUTVIK, declare as follows: 

1. I am a coinventor of the above-captioned 
application. 

2. I am a citizen of Norway residing at Bregnevn 3, 
0875 Oslo, Norway. I am fluent in English. My curriculum vitae 
is attached hereto as exhibit A. 

3. Throughout the 1980 ! s, and continuing today, I 
have had a keen interest in a number of medical conditions 
including osteoporosis. In the early 1980 's not much was known 
regarding this condition. As best exemplified by the Brewer et 
al. patent cited by the Examiner in the Official Action dated 
September 8, 1995, most of the emphasis at the time was on the 
N-terminal region, that could bind to certain receptor cells in 
bones. But the hPTH peptide was not well characterized and 
certain phenomena could not be explained by this binding. I and 
others sought to explain these hitherto unexplained phenomena. 
To test various theories, a good, inexpensive supply of very 
pure hPTH was needed. At the time, the only way to obtain hPTH 
was by extraction and isolation, followed by complex 
purification from human tissue. This was more than just a 
laborious process. Due to the difficulty in obtaining human 
tissue where hPTH had not deteriorated, relatively little 
material could be extracted and isolated at any one time. 



tftis was accompusnea, purmcation 01 tne exprebbtiu piui-cm 
could be carried out using the technologies that were prevalent 
at the time. I therefore sought the skills of my coinventors, 
and together we developed a source of raw material. The manner 
in which that was accomplished, and the resulting highly pure 
peptide, is described my above-captioned patent application. 

5. By the use of recombinant technology as described 
in the patent application, we have been able to obtain hPTH 
which is not only of significantly higher purity than anything 
otherwise available, but also hPTH which was qualitatively 
superior. The data presented herein describing the attributes 
of the essentially pure, recombinant hPTH we developed are based 
on hPTH hormone produced by me or under my direct supervision in 
the mid to late 1980s. The resultant peptide was purified as 
described in the application. No other purification steps were 
employed. 

6. Attached as Exhibits B-E are a number of glossy 
photographs labeled Glossy 0 through Glossy III. These glossies 
contain, among other things, photographs of electrophoresis gels 
run by me or under my direct supervision. Glossy 0 {Exhibit B) 
corresponds to an electrophoretic gel comparing synthetic hPTH 
obtained from the chemical supply company, Sigma, to recombinant 
hPTH obtained from yeast as disclosed in the above-captioned 
application. This gel was prepared before the filing of my 
patent application which issued as U.S. Patent No. 5,420,242. 
Lanes 1 and 4 contain chemical markers. Lane 2 (second from the 
left) contains recombinant hPTH prepared in accordance with the 
present invention. The Sigma material was' loaded in Lane 3 
(third from the left) . The symmetrical blurring on either side 
of the actual hPTH band is the result of overloading the gel. 
It is significant to note that a single band of material is 
present in Lane 2 while three distinct bands are found in 
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with either 200 nanograms or 800 nanograms of material as 
indicated, according to the manufacturers instructions. These 
materials were run against three lanes with molecular markers 
(Lanes 2, 11 and 20) as well as our recombinant hPTH produced 
from E. coli (Lanes 8 and 17), yeast (Lanes 9 and 18) and QPTH 
(Lanes 10 and 19) . The materials obtained from Peptide and from 
Peninsula ran as a higher molecular species of much less 
quantity than indicated by the manufacturer and no correctly 
sized hPTH could be seen in the Peptide lanes, even when applied 
at 800 nanograms. The Peninsula material in Lane 4 shows a 
small indication of correct hPTH, but most of the material 
exists as a high molecular weight form. The Sigma preparation 
ran at a correct location but contained much less material than 
the manufacturer indicated. No material was evident at a 
loading of 200 nanograms. The two different batches from Bachem 
show a peptide of correct molecular size, but one of the 
preparations shows a heavy, and the other a lesser, trailing 
smear indicating lower molecular weight impurities. Again, the 
amounts of hTPH contained in the Bachem bands appear to be less 
than the amounts contained in the bands corresponding to the 
same loaded amount of recombinant hPTH from yeast and E. coli. 
Each of the three recombinant hPTHs appear as very sharp, fat 
bands, of equal intensity and much stronger intensity than any 
of the chemically synthesized preparations. When applied as 200 
nanograms, only the recombinant hPTH lanes can be clearly seen. 
Everyone familiar with gel electrophoresis of protein knows that 
as little as 100 nanograms is usually sufficient to provide 
detectable staining. Thus, the absence of staining of 200 
nanograms and diffuse bands at 800 nanograms are indicative of a 
relatively impure peptide. 
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versus 23 and 27 versus 2tf, respectively) . me oduuwu 
preparation, shown in Lanes 23 and 28 shows considerable 
trailing toward degradation products. The amount of the correct 
material of the Bachem preparation may best be judged by the 
electrophoresis of the 200 nanogram sample. At 200 nanograms of 
material loaded, very little Bachem material was observed and 
lower molecular weight species are seen as a trailing area. 

9. Glossy III (Exhibit E) is a blow-up of Glossy II 
indicating the size of the molecular markers in the first lane 
on the left. We have since carried out more recent 
electrophoresis and the bands appear exactly as they did in 1988 
and 1989, indicating that there was no degradation of our 
preparation since its production in the late 1980 f s. The 
absence of degradation also indicates the substantial purity of 
the resulting material. The foregoing clearly indicates the 
superior purity of the material resulting in accordance with the 
present invention. However, it is also my opinion that because 
the hPTH produced in accordance with the present invention is 
recombinant material purified as explained in the application, 
not only is the peptide of better purity, but it is also of a 
significantly better quality. The differences are aptly 
illustrated in some of my prior published works. 

10. For example, attached hereto as Exhibit F is a 
copy of my paper, "Differences in Binding Affinities of Human 
PTH(l-84) Do Not Alter Biological Potency: A Comparison Between 
Chemically Synthesized Hormone, Natural and Mutant Forms," 
published in the refereed journal, Peptides, (1994), 15, 1261- 
65. The data reported in this paper involved the analysis of 
hPTH material produced in accordance with the patent application 
in the mid to late 1980' s. In fact, no other purification steps 
were taken, other than those disclosed in the patent application 
prior to the analyses described in this paper. 
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at least two independent experiments each performed in 
triplicate. As will be self evident from the figure, chemically 
synthesized hPTH had a calculated binding' affinity, (KJ of 18nM 
(95% confidence interval: 16.1-20. OnM) while recombinant hPTH 
(1-84) from both yeast and E. coli had a significantly lower 
apparent K d of 9.5nM (95% confidence interval: 8.7-10.4nM). 

12. Fig. 2 illustrates the stimulation of cAMP by 
different types of hPTH. The recombinant hormones in accordance 
with the present invention have the ability to stimulate 
intercellular cAMP accumulation with an EC 5 o of about 1.5nM, 
(95% confidence interval 1.0-2.2nM). In contrast, the solid 
phase synthesized hPTH showed a significantly reduced potency in 
stimulating cAMP production with an ECso value of 5.7nM (95% 
confidence interval: 3.4-9.6nM). Fig. 2 also illustrates that 
the synthetically produced hPTH exhibited a reduced maximal 
response. Therefore, no matter how much synthetic hPTH is 
administered, it is not possible to obtain the same efficacy as 
that obtained by the administration of recombinant peptides in 
accordance with the present invention. These same results were' 
mirrored in the in vivo testing undertaken and illustrated in 
Figs . 3 through 5 . 

13. A common way to measure hPTH bioactivity is 
to determine its ability to activate cell membrane-bound 
adenylate cyclase in target cells, e.g., bone derived cells. 
When hPTH binds to its receptor, adenylate cyclase is 
activated. This generates cAMP from ATP Mg. The activity 
of adenylate cyclase can be directly measured in membrane 
fractions of broken target cells when radioactive ATP Mg is 
added and the radioactively generated cAMP is isolated and 
quantitated by scintilation counting. The formation of cAMP 



5 



have been treated with hPTH in the presence of an inhibitor 
of cAMP degradation. After a certain ■ period of treatment, 
the reaction is stopped (the ceils are killed) and cAMP is 
measured after extraction by radioimmunoassay. This is the 
test described in my paper in the journal Peptides (Fig. 2) . 
Thus, the adenylate cyclase and the cAMP assays, both 
individually and collectively, establish the full biologicol 
activity of the hPTH I and my coinventors made. 

14. I have been warned that willful false 
statements and the like are punishable by fine or 
imprisonment or both (18 U.S.C. 1001) and may jeopardize the 
validity of the application or any patent issuing thereon. 
I declare that all statements made in this declaration of my 
own knowledge are true and that all statements made on 
information and belief are believed to be true. 



Dated: 03.37,96 /t^V .[/^ 

KAARE M. GAUTVIK, M.D. 
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Abstract— The human gene for parathyroid hormone (PTH) was chromoso- 
maily mapped using human-rodent hybrids and Southern filter hybridiza- 
tion of cell hybrid DNA. A recombinant DNA probe containing human PTH 
cDNA insert (pPTHmI22) hybridized to a 3.7-kb fragment in human DNA 
cleaved with the restriction enzyme EcoRI. By correlating the presence of this 
fragment in somatic cell hybrid DNA with the human chromosomal content 
of the hybrid cells, the PTH gene was mapped to the short arm of the 
chromosome 1 1 . 



INTRODUCTION 

Parathyroid hormone (PTH) is a polypeptide hormone which is a major 
regulator of calcium in the blood ( I ). Bovine and human PTH are produced as 
precursor molecules (preproPTH), and cDNA clones derived from mRNA 
have been isolated and sequenced for both species (2, 3). To determine the 
location of the PTH gene in the human genome, we chromosomally mapped 
the gene by Southern filter hybridization of human-rodent somatic cell hybrid 
DNA. Since these human-rodent hybrids segregate human chromosomes, 
human genes are mapped by correlating a specific human chromosome with 
the presence of the human gene (4). 

MATERIALS AND METHODS 

Hybrid Cell Lines. Human-mouse somatic cell hybrids were made by 
fusion of parental cells with polyethylene glycol (5) and were isolated on HAT 

609 
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selection medium (6). Each of the hybrid series used has been described in 
previous publications: NSL (GM2836 x LMTK") (7), ATR (AlTr x RAG) 
(8), JSR (JoSt x RAG) (9), XER (GM2859 x RAG) (10), EXR (GM 
3322 x RAG) (10), WIL (WI-38 x LTP) (II), REW (WI-38 x RAG) (11), 
and ICL (GM1006 x LMTK") (12). Some of the hybrid lines segregate 
human translocation chromosomes characteristic of the human parental line. 
These translocations are indicated in the table legends. 

Human Chromosome Composition of Cell Hybrids. Hybrid cells were 
karyotyped (13) and/or analyzed for genetic markers previously assigned to 
each human autosome and the X chromosome to determine their human 
chromosome content. The markers used in this study are: chromosome 1, 
peptidaseC (PEPC) and adenylate kinase-2 (AK2); 2, malate dehydrogenase 
(soluble) (MDH1) and isocitrate dehydrogenase (soluble) (IDH1); 3, amino- 
acylase-1 (ACY1); 4, peptidase-S (PEPS); 5, £-hexosaminidase-A (HEXA); 
6, malic enzyme (soluble) (ME1); 7, ^-glucuronidase (GUSB); 8, glutathione 
reductase (GSR); 9, adenylate kinase- 1 (AK1), aconitase (soluble) (ACOl); 
10, glutamate oxaloacetate transaminase (soluble) (GOT1); 11, lactate 
dehydrogenase- A (LDHA) and esterase- A 4 (ESA4); 12, lactate dehydrogen- 
ase^ (LDHB) and peptidase-B (PEPB); 13, esterase-D (ESD); 14, nucleo- 
side phosphorylase (NP); 15, mannose phosphate isomerase (MPI) and 
pyruvate kinase (muscle form) (PKM2); 16, adenine phosphoribosyl transfer- 
ase (APRT); 17, galactokinase (GALK); 18, peptidase-A (PEPA); 19, 
glucose phosphate isomerase (GPI); 20, adenosine deaminase (ADA); 21, 
superoxide dismutase (soluble) (SOD1); 22, aconitase (mitochondrial) 
(AC02); and X, glucose-6-phosphate dehydrogenase (G6PD) and phospho- 
glycerale kinase (PGK). 

pPTHm/22 probe. Human cDNA of preproparathyroid hormone was 
cloned in the PstI site of pBR322 (3). The 600-bp (base pair) insert contained 
all of the coding sequences for preproPTH as well as 3' and 5' flanking 
sequences. 

Southern Filter Analysis of Cell Hybrid DNA. DNA was isolated from 
human, mouse, and hybrid cells as described (14). Ten micrograms of each 
DNA sample was cleaved with EcoR! (4 units/^g DNA) for 3 h at 37°C using 
the buffer recommended by the manufacturer. DNA fragments were sepa- 
rated by electrophoresis in 0.8% agarose gels and transferred onto nitrocellu- 
lose by the method of Southern (15). The pPTHml22 probe (3) was labeled 
with 32 P by nick translation using [ 32 P]dCTP and [ 32 P]dTTP ( 16) to a specific 
activity of 2 x 10 8 cpm/^g- The probe was hybridized to filters by the method 
of Wahl (17) for 2 days at 42°C. The blots were rinsed briefly in 2X SSC, 
0.1% SDS at room temperature, and then washed at least twice for 45 min in 
0.1X SSC, 0.1% SDS at 50°C The dried blots were exposed to Kodak XAR 
X-ray film at -70°C for 1-7 days using Dupont Cronex Lightning Plus 
intensifying screens. 
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RESULTS 



Detection of Human PTH Sequences. The plasmid pPTHml22 was 
used to detect human PTH DNA sequences in somatic cell hybrids. 
pPTHml22, a cDNA clone isolated from a human cDNA library of parathy- 
roid tissue (3), contains a 600-bp insert which includes the entire preproPTH 
sequence (3). Human genomic DNA digested with the restriction endonu- 
clease EcoRI and separated by agarose electrophoresis, yields a single 3.7-kb 
band upon Southern filter hybridization (15) with labeled pPTHm!22 probe 
(Fig. 1). Under the conditions used for hybridization and washing, mouse 
PTH sequences are not detected. Southern filter hybridization of hybrid cell 
DNAs results in either the single human band or none, depending on the 
human chromosome composition of the hybrid cells. 

Mapping Human PTH. The human chromosome content of the hybrid 
cells was determined by marker enzyme analysis in all cases and by direct 
karyotyping of several hybrid cells. Marker enzymes assigned to both the 
human autosomes and the X chromosome (4) give a reliable indication of the 
human chromosomes present in a hybrid cell. By correlating the presence of 
these markers with the detection of human PTH sequences in 20 hybrids, the 
gene for PTH was found to be present or absent together with the human 
isozymes of lactate dehydrogenase-A and esterase-A 4 (Table 1 ). Both of these 
genetic markers have been assigned to chromosome 11 (18-21). Southern 
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Fig. 1. Hybridization of the pPTHm!22 probe to EcoRI -digested DNA from somatic cell 
hybrids. pPTHm 1 22 hybridizes to a 3.7-kb EcoRI fragment of human DNA (H) but not to mouse 
(M) under these conditions. Cell hybrid DNAs digested with EcoRI either contain the human 
3.7-kb fragment ( + ) or do not (-). depending on the human chromosome composition of the 
cells. 
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(Table 2). Likewise, EXR-5CSAz contains most of the long arm of chromo- 
some 1 1 and also does not have the human PTH gene. These data suggest that 
PTH is located on the short arm of chromosome 11. However, we examined 
DNA from a hybrid derived from GM2859 that contains both translocation 
chromosomes (X/l 1 and 1 1/X) and did not find hybridization to the human 
PTH probe. The X/l I chromosome has been reported by others to have 
deletion in the 1 Ipl 1— 1 lpl3 region (22, and B. Zabel, personal communica- 
tion). It is interesting to note that this cell hybrid does not have human insulin 
sequences and also does not express human lactate dehydrogenase-A (our 
unpublished observations). We would therefore assign the gene for PTH to the 
short arm of chromosome 1 1 and suggest that it may be located in the 

pi 1— pi 3 region. . . 

Screening for DNA Polymorphisms with PTH Probe. PTH lies within 
the subchromosomal segment of chromosome 1 1 which contains the 0-globm 
genes (23-26) and the human insulin gene (27-30). It would be of interest, 
then, to do linkage studies with these genes using DNA polymorphisms (31). 
To date, we have not found a DNA polymorphism in 20 unrelated Caucasians 
by hybridizing the pPTHm!22 probe to DNA cleaved with the enzymes 
EcoRI, BamHI, or Hindi II; however, more extensive studies with other 
enzymes may reveal polymorphisms useful for linkage studies. 

DISCUSSION 

These data establish the location of the PTH gene on human chromo- 
some 1 1 and suggest that it is localized on the short arm. This region is of 
interest since several polymorphic genes are there including insulin (27-30), 
0-globin (23-26), and the protooncogene c-Ha-r^l (32). Although our initial 
survey did not uncover a polymorphism in PTH or its surrounding sequences, 
it should be possible to find a DNA polymorphism and use PTH in linkage 
studies with these markers. 

Since there are several inherited forms of abnormal PTH synthesis, i.e., 
hypo- or hyperparathyroidism (33-39), it is of interest to determine if these 
diseases are linked to the structural locus for PTH. Thus, a more extensive 
search for PTH polymorphisms would be warranted. The cloned gene and 
associated polymorphisms will be valuable tools for determining if these 
lesions are the result of gene mutation and perhaps will provide a means of 
diagnosing these inherited diseases. 
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ABSTRACT We have cloned in Escherichia coli a DNA 
copy of mRNA coding for bovine preproparathyroid hormone. 
Double-stranded DNA was inserted into the Pst I site in plasmid 
pBR322 bv using the poiy(dC>poly(dC) homopolymer extension 
technique to join the DNA molecules. Recombinant plasmids 
coding for preproparathyroid hormone were identified by the 
plasmid's ability to arrest specifically the translation of pre- 
proparathvroid hormone mRNA. The nucleotide sequence of 
the largest recombinant was determined by using both chemical 
and enzymatic techniques. The parathyroid insert contains 470 
nucleotides— 102 nucleotides from the 5' noncoding region of 
the mRNA, 345 nucleotides representing the entire coding re- 
gion, and 23 nucleotides from the 3' noncoding region. The 
coding sequence clarifies the hormone's amino acid sequence, 
which has been disputed. Cod on usage is discussed. 

Parathyroid hormone (PTH) regulates the blood level of cal- 
cium, and in turn, blood calcium regulates the secretion of PTH. 
Although modulators of PTH secretion have been extensively 
delineated (1), the regulation of synthesis of PTH is poorly 
understood. Pulse-chase studies of parathyroid gland slices (2) 
and translation of mRNA in cell-free systems (3) have shown 
that PTH (84 amino acids) is first synthesized as a 115-amino 
acid precursor, preproparathyroid hormone (PreproPTH), with 
a 31-amino acid NH 2 -terminal extension. The first 25 amino 
acids are rapidly cleaved to yield the 90-amino acid propara- 
thyroid hormone, which is subsequently converted to PTH. As 
a first step in studying further the regulation of PTH biosyn- 
thesis, we have cloned in Escherichia coli a DNA copy of PTH 
mRNA. Nucleotide sequence analysis of the cloned DNA 
demonstrates that one clone contains the entire coding region 
plus portions of both the 5' and 3' noncoding regions of the 
mRNA. 

MATERIALS AND METHODS 

Enzymes. Reverse transcriptase was provided by J. W. Beard 
(Life Sciences, St. Petersburg, FL). DNA polymerase I and 
polynucleotide kinase were purchased from Boehringer 
Mannheim, SI nuclease and lysozyme were from Sigma, ter- 
minal transferase was from Bethesda Research (Cockeysville, 
MD), and restriction endonucleases and DNA polymerase I 
(large fragment) were from New England Biolabs. 

Bacteria and Nucleic Acids. E. coli *1776 (4), a certified 
EK2 host, was provided by R. Curtiss and E. coli carrying 
plasmid pBR322 (5) was provided by A. Bothwell. pBR322, a 
certified EK2 vector,^ after amplification with chloramphenicol 
was purified on two CsCl 2 gradients after use of the cleared 
lysate technique (6). PTH mRNA was partially purified as 
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described (7). Vesicular stomatitis virus RNA was isolated as 
described (8). 

Synthesis of Poly(dC)-Tailed Double-Stranded DNA. DNA 
complementary in sequence to PTH mRNA was synthesized 
by using minor modifications of the protocols of Friedman and 
Rosbash (9) and Efstratiadis et al. (10). mRNA (18 Mg) was in- 
cubated in a 2.2-ml reaction mixture containing 169 units of 
reverse transcriptase (220 /il), 50 mM Tris-HCl (pH 8.3), oli- 
go(dT) at 27 /ig/ml, 200 /iM [«- M P]dATP and dTTP (both 68 
mCi/mmol; 1 Ci = 3.7 X 10 10 becquerels), 900 fiM dGTP and 
dCTP, 120 mM KCl, 10 mM dithiothreito), and 10 mM MgCl 2 . 
After 1 hr at 43°C the reaction mixture was extracted with an 
equal volume of phenoi/chloroform/isoamylalcohol (25:24:1), 
55 of E. coli tRNA was added, and the nucleic acids were 
precipitated with 2 vol of ethanol. The pellet was treated with 
NaOH, neutralized, and chromatographed over Sephadex 
G-100 as described (10). 

The cDNA was made double-stranded with DNA poly- 
merase I according to the method of Efstratiadis et al. (11), 
except that 1/15 vol of a HeLa cell S-100 fraction (12) provided 
by J. Rose was added to 1 vol of reaction mixture. The nucleic 
acid was then extracted with phenol/chloroform, precipitated 
with ethanol, passed over a column of Sephadex G-100, digested 
with SI nuclease (11), extracted again with phenol /chloroform, 
and precipitated with ethanol. The DNA was then centrifuged 
through a gradient of 5-20% sucrose in 0.8 M NaCl as described 
(13). The largest molecules (20 ng) were dialyzed against 10 mM 
Tris-HCl, pH 7.6/0.1 mM Na 2 EDTA, 5 Mg of tRNA was added, 
and the nucleic acids were ethanol-precipitated. Poly(dC) ho- 
mopolymer extensions, approximately 20 nucleotides long, were 
added by using terminal transferase as described (14). Similarly, 
poly(dG) homopolymer extensions, 20 nucleotides long, were 
added to Pst I-cut pBR322 DNA after phenol extraction, di- 
alvsis and ethanol precipitation of the DNA. 

Transfection of E. coli X 1776. Poly(dG)-tailed pBR322 (400 
ng) and 30 ng of poly(dC)-tailed parathyroid DNA were an- 
nealed in 0.1 M NaCl/10 mM Tris-HCl, pH 7.6/0.1 mM EDTA 
for 2 min at 65°C and then for 2 hr at 42°Q E. coli XH76 was 
grown and treated with 70 mM MgCl 2 /3Q mM CaCl 2 /40 mM 
Na acetate, pH 5.6, as described (15). Transformation was 
performed in a biological safety cabinet in a P3 physical con- 
tainment facilitv according to the then current National Insti- 
tutes of Health guidelines for recombinant DNA research.* 

Hybrid-Arrested Translation. Individual clones were grown 
in 200 ml of FB medium (25 g of tryptone/7.5 g of yeast ex- 
tract/1 g of glucose/6 g of NaCl/50 mM Tris-HCl, pH 7.6, 
taken to 1 liter) supplemented with thymidine 50 at Mg/ml, 

Abbreviations: PTH, parathyroid hormone; PreproPTH, prepropara- 
thyroid hormone r 
§ National Institutes of Health, Federal Register, July 7, 19 /o. 
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diaminopimelic acid at 100 fig/m\ t and tetracycline at 20 
ptg/m\; then, they were amplified "with chloramphenicol. The 
plasm id DNA was isolated by using the cleared lysate technique 
(6) followed by two centrifugations in CsCl/ethidium bromide 
equilibrium gradients. Hybrid-arrested translation was per- 
formed as described (16). 

Restriction-Enzyme Analysis. Five micrograms of the PTH 
recombinant plasmid was digested with Pst I in a 100-^1 re- 
action mixture. After digestion, 5 units of DNA polymerase I 
(large fragment) was added and incubation was continued for 
5 min at 37°C. The reaction mixture was then transferred to 
another tube containing 10 fid of each of four [a- 32 P]dNTPs 
(400 Ci/mmol) and the reaction was continued for 5 min at 
37 °C. Then the reaction mixture was adjusted to 40 /iM of each 
of the four dNTPs and the reaction was continued for 10 min. 
The digest, now possessing molecules labeled with 32 P at the 
3' end, was precipitated with ethanol and then fractionated by 
electrophoresis on a 10% polyacrylamide slab gel in Tris/bo- 
rate/EDTA buffer (17). The eukaryotic insert was then eluted 
from the gel (18). Aliquots of the insert were then digested with 
restriction enzymes and the procedures of 3'-end labeling and 
gel electrophoresis were repeated. For reactions involving en- 
zymes that produce DNA with single-stranded 5' extensions 
(e.g., Hinil), the enzyme was removed by chloroform extraction 
before end-labeling. 

DNA Sequence Analysis. Both the chemical (18) and en- 
zymatic dideoxynucleotide (19) methods were used without 
modification. Restriction fragments were 5'-end labeled by 
using the polynucleotide kinase exchange reaction (20). 



RESULTS 

Construction of cDNA Clones and Translations! Analysis. 
Earlier studies (7, 21) have established that the mRNA coding 
for PreproPTH is a predominant mRNA in the parathyroid 
gland and that use of formamide/sucrose gradients and oli- 
go(dT)-celluIose chromatography can lead to partial purifica- 
tion of the mRNA. Furthermore, cDNA made from this mRNA 
can function in a linked transcription/translation system to 
produce the entire PreproPTH molecule (7) and thus contains 
all the structural information encoded in the mRNA. We made 
this cDNA double stranded, selected the largest DNA molecule 
on a sucrose gradient, and introduced the DNA into plasmid 
pBR322 by using the poly(dG)-poly(dC) homopolymer exten- 
sion technique. From 15 ng of double-stranded parathyroid 
DNA, we obtained 49 transformed colonies with the pattern 
of tetracycline resistance and ampicillin sensitivity, the pattern 
expected from bacteria containing pBR322 with eukaryotic 
inserts at the Pst I site. 

Six of these clones were grown and the plasmid DNA was 
isolated. We found it important to purify the plasmid DNA by 
two cycles of centrifugation through CsCl, because DNA after 
only one centrifugation gave erratic results in hybrid-arrested 
translation. After Pst I digestion, phenol extraction, and ethanol 
precipitation, each DNA, as well as control pBR322 DNA, was 
hybridized to 50 ng of parathyroid gland mRNA as indicated 
in Fig. 1. Vesicular stomatitis virus RNA was added to the 
mixture to provide control mRNAs that stimulated protein 
synthesis as well as did PreproPTH mRNA. After annealing, 
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FlG. 1. Hybrid-arrested translation. Plasmid DNA was annealed with 50 ng of parathyroid gland mRNA that had been purified by oli- 
go(dT)-cellulose chromatography and sucrose gradient centrifugation. A similar amount of VSV mRNA was added to reactions 1-16. One half 
of each sample was heated and cooled quickly after annealing. After ethanol precipitation along with 25 fig of yeast tRNA, each sample was 
added to a 50-^1 wheat germ translation reaction mixture in the presence of [ 35 S]methionine. Five microliters of each sample was then electro- 
phoresed through a 15-20% polyacrylamide gradient gel containing sodium dodecyl sulfate, and fluorography was performed on the dried gel. 
Arrow points to PreproPTH. Lanes: 1 , no DNA was added and mRNA was mock-annealed, heated, and quick-cooled; 2, same as lane 1 but with 
no heating; 3, 1 fig of pBR322 DNA, heated; 4, same as lane 3 but with no heating; 5, 2 fig of pBR322 DNA, heated; 6, same as lane 5 but with 
no heating; 7, 4 ^g of pBR322 DNA, heated; 8, same as lane 7 but with no heating; 9, 1 fig of pPTHm 1 DNA, heated; 10, same as lane 9 but with 
no heating; 11, 2 fig of pPTHml DNA, heated; 12, same as lane 11 but with no heating; 13, no DNA or mRNA added, heated; 14, same as lane 
1 3 but with no heating; 15, no DNA added, mRNA was not mock-annealed but was heated and added directly to translation mixture; 16, same 
as lane 15 but with no heating; 17, PTH mRNA mock-annealed without DNA or VSV mRNA; 18, same as lane 17 but with no heating. ' 
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Fir.. .2. Restriction enzyme map of pPTHml. Numbers above the Hpa II and Pst I sites correspond to the cutting sites on pBR322 (32); 
numbers above the insert correspond to the numbers used in Fig. 3 to describe the eukaryotic insert. Lines below the map indicate the restriction 
fragments used in chemical sequence determinat ions. Solid parts of each line indicate areas of readable sequence. Fragments 5, 6, 9, and 10 were 
separated on a 5% polyacrvlamide strand-separating gel (18); all other fragments were generated by using combinations of restriction enzyme 
digestions to produce molecules with only one 5'-labeled end. Dots represent the 5' end so labeled. Mbo II-generated fragments 5, 6, 9, and 10 
were also digested with exonuclease III and used as primers for dideoxynucleotide sequence analysis, using as template pPTHml DNA cut with 
Ecolll, and then were partially digested with exonuclease III or T7 exonuclease. 

the DNA/RNA mixture was divided in half, and one half was presence of (^methionine. The proteins made were then 
heated and cooled quickly to break up the hybrids. After pre- elect rophoresed, and autoradiography was performed. Fig. 1 
cipitation with ethanol, the nucleic acids were then added to shows that pPTHml DNA, in each of three concentrations, 
a wheat germ cell-free protein-synthesizing system in the inhibited the translation of PreproPTH while not affecting the 

TAG CAG CTG ATG CTT TCT CAA AGT TGA GTA AAC CTG AGA AGG CTG ATA AAT TGA GCT GCT AAT ACA TTT 

l 10 20 30 *♦ 0 50 60 

-31 

met met ser ala lys asp met val lys val met ile 
GAA AGA AGA TTG TAT CCT AAG ACG TGT GTT AAT ATG ATG TCT GCA AAA GAC ATG GTT AAG GTA ATG ATT 

70 80 90 100 110 120 130 

-6 -1 +1 . 

val met leu ala ile cys phe leu ala arg ser asp gly lys ser val lys lys arg ala val ser glu 
GTC ATG CTT GCC ■ ATC TGT TTT CTT GCA AGA TCA GAT GGG AAG TCT GTT AAG AAG AGA GCT GTG AGT GAA 

)M 15 0 160 170 180 190 200 

+ 22 

ile gin phe met his asn leu gly lys his leu ser ser met gly arg val glu trp leu arg lys lys leu 
ATA CAG TTT ATG CAT AAC CTG GGC AAA CAT CTG AGC TCC ATG GAA AGA GTG GAA TGG CTG CGG AAA AAG CTA 

•210 220 230 2*t0 250 260 270 



gin asp val his asn phe val ala leu gly ala ser ile ala tyr arg asp gly ser ser gin arg pro 
CAG GAT GTG CAC AAC TTT GTT GCC CTT GGA GCT TCT ATA GCT TAC AGA GAT GGT AGT TCC CAG AGA CCT 

280 290 300 310 320 330 3 «♦ 0 



arg lys lys glu asp asn val leu val glu ser his gin lys ser leu gly glu ala asp lys ala asp 
CGA AAA AAG GAA GAC AAT GTC CTG GTT GAG AGC CAT CAG AAA AGT CTT GGA GAA GCA GAC AAA GCT GAT 

350 360 370 3 8 0 390 * 0 0 *♦ 1 0 

+ 84 

val asp val leu ile lys ala lys pro gin stop 

GTG GAT GTA TTA ATT AAA GCT AAA CCC CAG TGA AAA CAG ATA TGA TCA GAT CA 

1,20 . HO '♦'•0 U 5 0 1, 6 0 * 7 0 

FlG. 3. Nucleotide sequence of sense strand of parathyroid insert in pPTHml. Orientation of insert is indicated in Fig 2 Numbers above 
the protein sequence refer to amino acid position; by convention -31 to -7 is "pre" sequence, -6 to -1 is "pro" sequence, and +1 to +84 is ri n 
sequence. 
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translation of other proteins (lanes 10, 12, and 14). Furthermore, 
heating and quick-cooling of the nucleic acid restored the 
translation of PreproPTH. In contrast, pBR322 DNA at similar 
concentrations had no effect on protein synthesis (lanes 3-S). 

By using DNA from pPTHml as a probe, we screened our 
other 48 clones for PTH inserts larger than that of pPTHml. 
A toothpick tip was used to mix a small portion of each indi- 
vidual colony taken from an agar plate in Tris/EDTA/su- 
crose/Iysozyme as described (22). After precipitation of proteins 
with potassium acetate and sodium dodecyl sulfate and diges- 
tion of the nucleic acids with RNase and then Pst I, DNA from 
each colony was electrophoresed on a 1.4% agarose gel (23) and 
transferred to nitrocellulose (24). PTH inserts with intact Pst 
I sites were detected by hybridization with nick-translated 
pPTHml DNA. Seven of 48 colonies yielded bands of size 
similar to the insert in pPTHml, but no larger bands were 
found (data not shown). 

Restriction Enzyme Analysis and DNA Sequence Analysis. 
The eukaryotic insert of pPTHml was isolated, digested with 
a series of restriction endonucleases, labeled with 32 P at the 3' 
end, and fractionated by electrophoresis on a 10% acrvlamide 
gel (17). Theenzvmes JtomHI, Hindlll, EcoRlSal I Hindi, 
Hinil Hae III, Hpa I, Bgl II, Xho I, Hha I and Msp I did not 
cut this insert. Mbo II, Alu I, Taq I, and Sau 3A did cut the 
insert (Fig. 2). (Alu sites are omitted from the figure because 
fragments cut by Alu I were not used in the subsequent se- 
quence analyses.) 

The sequences of the restriction enzyme-generated fragments 
noted in the legend to Fig. 2 were determined by the chemical 
method. Furthermore, the Mbo II fragments were used as 
primers for dideoxynucleotide sequence analysis after either 
partial exonuclease III or T7 exonuclease digestion of EcoRI-cut 
pPTHml DNA. 

We found that the 5'-end labeling of restriction fragments 
generated by the enzymes Mbo II and Pst I was inefficient, 
presumably because these fragments lacked 5' single-stranded 
DNA extensions. Therefore, we added DNA polymerase (large 
fragment), 1 unit/jug of DNA, for 5 min at 37°C to the re- 
striction enzyme digestion reaction mixtures at the end of the 
digestions and then extracted the DNA with phenol to terminate 
the reactions. These modified fragments were more efficiently 
end-labeled, presumably because the 3' ~+ 5' exonuclease ac- 
tivity of the DNA polymerase I-generated 5' single-stranded 
DNA extensions at the ends of the fragments. 

Because we found that the nucleotides at the beginnings and 
ends of restriction fragments were usually difficult to resolve, 
we used a number of different restriction enzymes to generate 
overlapping fragments for analysis by chemical sequence 
analysis. Furthermore, the use of the dideoxynucleotide en- 
zymatic sequence analysis strategy confirmed the sequence 
derived by the chemical approach. Because restriction frag- 
ments are used as primers of DNA synthesis in this technique, 
the DNA synthesized by using specific primers allowed addi- 
tional independent data for ordering the sequence-analyzed 
fragments. Fig. 3 depicts the sequence thus established. 

DISCUSSION 

The parathyroid DNA in pPTHml, 470 nucleotides in length, 
represents about 70% of the nucleotide sequence of PreproPTH 
mRNA, as estimated from the size of the mRNA determined 
by electrophoresis through 98% formamide/polyacrylamide 
gels (31). The sequence includes the entire coding region of the 
mRNA, 102 residues of the 5' noncoding region, and 2-3 residues 
of the 3' noncoding region. The sequence of pPTHml DNA 
confirms the amino acid sequence of bovine PreproPTH, as 
determined by a combination of traditional (25, 34) and ra- 



diomicrosequence analysis (3) approaches. Furthermore, the 
GAA codon coding for the glutamic acid at position 22, found 
when the sequences of DNA fragments 7, 8, and 9 were de- 
termined (see Fig. 2), supports our previous assignment, a 
finding that has been disputed by another group (25). Bovine 
genetic heterogeneity could still, of course, explain the disparate 
sequences found at position 22. We cannot, in addition, exclude 
the possibility that the sequence was modified by the process 
of cloning, but the accurate prediction of the rest of the Pre-* 
proPTH amino acid sequence is reassuring, as are other ex- 
amples of faithful cDNA cloning (26, 30). To minimize chances 
of error in determination of nucleotide sequences, every nu- 
cleotide in the coding sequence was ascertained at least twice 
(see Fig. 2). 

Codon usage analysis (Table 1) demonstrates some uneven 
usage of codons, but, as noted by others (26, 30), comparisons 
with usage patterns in other eukaryotic mRNA show no con- 
sistent patterns. For instance, when one compares the codon 
usage patterns between bovine corticotropin-/3-lipotropin 
precursor mRNA and bovine PreproPTH mRNA, the codons 
UUC, CUC, and AGG, unused in PreproPTH mRNA, are 
frequently used in corticotropin-/?-lipotropin precursor mRNA, 
The glutamine codon CAA is unused in PreproPTH mRNA and 
used only 1 of 10 possible times in corticotropin-/3-Iipotropin 
precursor mRNA, Also, as noted by others (30), the dinucleotide 
CG is used infrequently — two times — in the coding region. In 
marked contrast to the pattern in several other mammalian 
sequences (26, 30), however, no preference is found for G or 
C in the third codon position — 30% of codons terminate in T, 
17% terminate in C, 27% terminate in A, and 26% terminate 
in G. 



Table 1. Codon usage in bovine PreproPTH mRNA 
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0 
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4 
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1 
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0 
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AUU 
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AUC 


1 
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8 
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GAU 
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UCU 
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0 
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1 


Pro 


UCG 
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Trp 


UGG 
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ecu 


1 


Arg 


CGU 


0 




ccc 


1 
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CGA 
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0 
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0 


Ser 
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ACC 
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AGC 
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0 
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0 
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3 
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GGG 
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Biochemistry: Kronenberg et al. 
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Based on a statistical analysis of peptide sequences, Cohn et 
al. (27) have proposed that PreproPTH originated after gene 
duplication. They noted nine amino acid matches when pep- 
tides —27 to +22 and +26 to +74 were aligned. They calculated 
P = 0.0001. for this being a chance occurrence. When the nu- 
cleotide sequences of these regions are similarly aligned, 53 of 
147 nucleotides match. Thus, the nucleotide sequence, like the 
amino acid sequence, suggests similarities that are unlikely to 
have occurred by chance. Similar comparisons have been made 
between the sequences of rat growth hormone and human 
chorionic somatomammotropic hormone (30) and between four 
regions of the bovine corticotropin-/?-lipotropin precursor (26). 
In both of these comparisons, there was little variation in the 
third nucleotide of triplets, even though that variation would 
not have resulted in a changed amino acid sequence. In contrast, 
in the PreproPTH comparison, only two of nine third bases 
remain invariant when the triplets coding for the nine invariant 
amino acids are compared — no more than expected by chance. 
Furthermore, when one excludes the nucleotides associated 
with the amino acid matches, only 32 of 120 nucleotides match, 
again no more than expected by chance. Thus, the mRNA se- 
quence, although consistent with the hypothesis that the gene 
arose by duplication, does not add evidence beyond that pro- 
vided already by the amino acid homologies. Perhaps the pat- 
tern of intervening sequences that may exist in the genomic 
DNA will shed light on the origin of the PreproPTH sequence. 
We might expect to find, for instance, an intervening sequence 
separating the duplicated structural regions if RNA splicing acts 
as a means of bringing together in one mRNA two sets of se- 
quences that arose by tandem gene duplication. 

The AUG at position 10-13 in the 5' noncoding region is only 
the second example in eukaryotes of an AUG in the 5' non- 
coding region of an mRNA, the first example being the mRNA 
coding for VP1 of simian virus 40. The sequences of all other 
mRNAs are consistent with the hypothesis of Kozak that ri bo- 
somes bind at a 5'-terminal cap and scan the mRNA until they 
initiate at the first available AUG (28). Kozak notes that the two 
AUGs in the 5' noncoding region of VP1 mRNA may well be 
part of a 5'-terminal double-stranded RNA stem and therefore 
might be sequestered from the ribosome. It is of interest, then, 
that the AUG in the PreproPTH sequence may be part of a 
small interior loop in an extensive stem structure involving 
nucleotides 1-20 and 34-51 [AG = —15.6 kcal, including eight 
consecutive nucleotide pairs at the base of the stem (29)). Al- 
ternatively, the AUG at position 10-13 might serve as an initi- 
ator codon for a pentapeptide terminated bv UGA at position 
25-27. 

' The sequence AUCCU at position 83-87 may bind to the 
sequence UAGGA close to the 3' end of 18S ribosomal RNA. 
Hagenbuchle and coworkers (33) have pointed out that most 
eukaryotic mRNAs contain sequences that could bind to this 
highly conserved purine-rich sequence in 18S RNA, thus fa- 
voring initiation of protein synthesis. 
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(54) Process and system for 
producing biological materials from 
encapsulated cells 

(57) Cells ( 1 0) which produce a 
substance of interest are encapsulated 
within semipermeable membranes 
(1 2) having an upper limit of 
permeability sufficient to allow 
traverse of ions, amino acids and other 
cell nutrients (20) and then 
suspended in a culture medium 
containing these nutrients. Serum 
components (1 8) or other high 



molecular weight materials needed for 
ongoing viability and normal in vitro 
metabolism of certain types of cells 
may be included within the 
intracapsular volume and may be 
excluded from the extracapsular 
medium by limiting the permeability of 
the membranes (12). The substance of 
Interest (22) to be harvested collects 
either in the intracapsular volume or 
the extracapsular medium, depending 
on the degree of permeability of the 
membranes and the molecular size of 
the substance. 
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SPECIFICATION . 
Process and system for producing biological 
materials 

This invention relates to a method of and 
5 system for producing biological materials by cells. 
Advances In cellular biology have shown that 
the cells of various higher organisms produce 
small quantities of substances having significant 
potential or demonstrable utility for the treatment 
1 0 or diagnosis of disease. Examples of such 

substances abound in the literature and Include 
various biological response modifiers such as 
hormones, interferons, and lymphokines, as well 
as other substances such as antibodies used in 
1 5 diagnostic testing. Cell cultures of microbial origin 
have long been used to produce large quantities of 
antibiotics. 

Especially in cell cultures derived from higher 
animals, there is an ever present danger of 

20 bacterial or other contamination. Also, in most 
instances the quantities of the substance of 
interest produced by jcell cultures are very small 
and the substance often collects in the culture 
medium, which contains a complex mixture of 

25 serum proteins and other substances. This makes 
isolation and purification of the substance of 
interest difficult. 

This invention aims to provide an improved 
process and system for producing biological 

30 materials such as antibodies and biological 

response modifiers such as hormones, interferons 
and lymphokines from encapsulated viable cells. 
The encapsulation aims to maintain the cells in a 
healthful microenvironment and to separata 

35 products of ceil metabolism from high molecular 
weight materials needed for viability and 
maintenance of the cells. 

According to the present invention, there is 
provided a process for producing a substance 

40 which is produced by living celts, wherein the 
process comprises the steps of, 

A. encapsulating the cells within membranes 
having a selected upper limit of permeability; 

B. suspending the encapsulated cells in an 
45 aqueous-culture medium; 

C. allowing said cells to undergo metabolism In 
vitro and to secrete the required substance; and 

D. harvesting the substance either from the 
aqueous culture medium or from within the 

50 membranes. 

The invention also provides a system for 
culturing living cells comprising encapsulated 
viable cells suspended in an aqueous culture 
medium, membranes encapsulating the cells 

55 being characterized by an upper limit of 
permeability sufficient to allow traverse of 
nutrients required by the cells, the membranes 
enclosing suspended viable cells disposed in a 
medium which includes ail components needed to 

60 maintain viability of said cells which are of a size 
beyond the upper permeability limit of the 
membranes, and the aqueous culture medium 
comprising all components needed to maintain 
viability of said cells which have a molecular size 



65 below the upper permeability limit. 

This invention provides a system and process 
for producing substances by use of living cells. The 
practice of the Invention has the inherent dual 
advantages of providing a protective environment 
70 for the cells of the culture system and providing a 
means of collecting substances of Interest in a 
medium having fewer admixed extraneous 
components. The invention may be used to 
separate the substance of interest from higher 
75 molecular weight serum proteins and the like 
normally required to support the ongoing viability 
and metabolism of the producing cells. 
Alternatively, the invention may be used to co lect 
the substance of interest in a medium containing 
80 relatively small quantities of low molecular weight 
nutrients or cell metabolic products. 

The process comprises the steps of 
encapsulating cells within a membrane which is 
permeable to the nutrients, ions, and other 
85 relatively low molecular weight materials needed 
for normal metabolism and ongoing viability of the 
cells. The membrane may or may not be 
permeable to the substance of Interest secreted by 
the cells, but in any case will have an upper limit 
90 of permeability sufficient to allow traverse of 
molecules having a molecular weight of some 
selected level generally below about 2.0 x 10 
daltons, e.g. 1.5x1 0 6 . The capsules so produced 
are suspended in a conventional aqueous culture 
95 medium, and the encapsulated cells are allowed to 
undergo normal In vitro metabolism. Substances 
of a molecular weight below the upper 
permeability limit of the membrane which are 
secreted by the cells permeate the membrane and 
1 00 collect in the culture medium. Advantageously, 
high molecular weight substances such as serum 
proteins which are required for health ahd viability 
of many types of cell cultures from higher animals, 
but which typically are themselves not consumed, 
1 05 may be Included in the microcapsules where they 
are confined and prevented from diffusing into the 
culture medium. Substances which the cell culture 
consumes during metabolism having a molecular 
weight low enough to permit diffusion through the 
1 1 0 capsule membranes pass therethrough from the 
culture medium. Metabolic products of the ce s 
having molecular dimensions sufficiently small to 
allow passage through the membrane diffuse into 
the medium external to the capsules. The 
1 1 5 substances of interest, if of a molecular weight 
below the upper limit of permeability, diffuse into 
the extracapsular medium where they can be 
harvested relatively easily because of the absence 
of contaminating higher molecular weight 
1 20 materials present in prior art unencapsulated cell 
cultures. If the substance of interest has a 
molecular weight in excess of the upper limit of 
permeability of the membranes, then it collects in 
the capsules which may subsequently be isolated 
125 from the medium and disrupted for recovery 
procedures. 

The invention is essentially unlimited with 
respect to the types of cells which may be 
included within the capsule membranes. 
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Specifically, It is contemplated that cultures of 
cells from the tissue of all higher animals as well 
as micro-organisms may be employed. Fused 
cells, e.g., hybridoma cells, or genetically modified 
5 cells produced, for example, by the emerging 
recombinant DNA technology, can likewise be 
encapsulated without difficulty, in short, provided 
there exists a culture medium operable to 
maintain In vitro the cell type in question, that cell 

1 0 type can be utilized In accordance with the 
techniques disclosed herein. Non-limiting 
examples of the types of substances that may be 
produced in accordance with the process and by 
the system of the invention include insulin, 

1 5 glycogen, prolactin, somatostatin, thyroxin, steroid 
hormones, pituitary hormones, interferons, follicle- 
stimulating hormones (FSH), PTH, and antibodies. 

The system of the invention comprises 
encapsulated viable cells suspended in an 

20 aqueous culture medium. The cells are 

encapsulated within membranes characterized by 
an upper limit of permeability sufficient to allow 
traverse of the nutrients needed for cell 
metabolism and ongoing viability. The membranes 

25 enclose both the cells and a medium which 
includes all components needed to maintain 
metabolism of the cells and which are of a size 
range in excess of the upper permeability limit of 
the membranes. The culture medium comprises 

30 components needed to maintain viability of the 
cells and which have a molecular weight below 
the upper permeability limit of the membranes. 

The invention will now be described in more 
detail by way of example with reference to the 

35 accompanying drawings, in which: 

Figure 1 is a schematic diagram illustrating the 
concept of the Invention, and 

Figure 2 is a graph showing the results of an 
experiment described in Example 5 hereafter. 

♦0 The broad concept of the invention is to 
interpose a semipermeable membrane about 
individual cells or groups of cells so as to provide a 
mlcroenvironment therefor complete with the cell 
culture medium and separated by the membrane 

45 from an external aqueous medium. Ceils of 
mammalian origin typically require for ongoing 
health and viability the presence of serum 
proteins, a portion of which have a molecular 
weight in excess of about 65,000 — 1 50,000 

50 daltons. 

In the prior art technique of unencapsulated cell 
culturing, materials of interest secreted from the 
cells are dispersed in the culture medium and 
mixed with both high and tow molecular weight 

>5 components. Since the quantities of cell-produced 
products are typically rather small, isolation of 
the substance of interest becomes an arduous 
purification task- Furthermore, mammalian cell 
cultures are notoriously sensitive to contamination 

>0 by bacterial or other sources. This necessitates 
that culturing be conducted using various 
techniques to maintain sterility and often that 
antibiotics be included in the medium. 

According to the practice of this invention, the 

>5 foregoing difficulties are alleviated by 



encapsulating the cells of the culture within 
semipermeable membranes having a selected 
limit of permeability generally no greater than 
about 200,000 daltons, that is, the membrane 
70 contains pores which allow substances having a 
maximum molecular weight at or below the upper 
permeability limit to traverse the membrane 
whereas substances of molecular weight above 
the upper permeability limit are precluded from 
75 traversing the membrane. This allows one to 

encapsulate cells together with a culture medium 
containing all components needed for ongoing 
. viability, metabolism, and even mitosis, and then 
to suspend the so-encapsulated cells in a culture 
80 medium which contains lower molecular weight 
substances consumed by the cells but which need 
not Include the required high molecular weight 
substances. 

Typically, cells from higher organisms do not 
85 ingest high molecular weight serum proteins and 
the like, but rather require them in close proximity 
for ongoing normal biological responses. Salts, 
amino acids and other lower molecular weight 
factors which are Ingested or metabolized by the 
90 cells pass freely through the membrane and may 
be replenished as needed by simple change of the 
culture medium external to the capsules. Secreted 
products of cell metabolism having a molecular 
weight below the upper limit of membrane 
95 permeability collect in the extracapsular medium, 
where, because of the absence In the medium of 
the high molecular weight materials, harvesting 
and Isolation of the metabolic products of 
Interest are simplified. Harvesting of products of 

1 00 Interest having a molecular weight above the 

upper permeability limit is also aided in that such 
products collect within the capsules and are not 
dispersed in the extracapsular volume. 
The concept of the invention, as applied to 

1 05 lower molecular weight cell products, is 
schematically Illustrated in the drawing. As 
shown, a cell 10 is disposed within a capsule 
membrane 12 having pores 1 6. High molecular 
weight factors 1 8 are enclosed within membrane 

110 1 2 and are free to circulate within the confines of 
the membrane in the medium 14. Components 20 
needed by the cell as well as metabolic products 
22 including the substance of interest 22' freely 
circulate in both the Intracapsular and 

115 extracapsular media and traverse the membrane 
through pores 1 6. As required on a periodic (or 
continuous) basis, the extracapsular medium 
together with all of Its components can be 
separated by aspiration or the like from the 

1 20 capsules themselves and replaced with fresh 
medium. The collected medium will be 
substantially free of high molecular weight 
components 1 8, thus simplifying the harvesting 
and isolation procedures. Furthermore, the cell 1 0 

1 25 remains protected within the intracapsular 
mlcroenvironment at all times. 

In some cases, e.g., in order to stimulate 
production by encapsulated cells of a particular 
substance of interest, It Is required to subject the 

1 30 cells to high molecular weight components having 
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molecular dimensions too large to traverse the 65 
membrane. An example is the production of 
Interferon from human fibroblasts, leukocytes, or 
lymphoblastpid cells which are induced to secrete 
6 interferon by treatment with certain viruses or 

high molecular weight nucleic acids. In such a 70 
case, if the upper permeability iimit of the 
membranes Is less than the molecular weight of 
the inducing factor, the ceils must be subjected to 

10 interferon induction prior to encapsulation, or the 

capsule membranes, after culture of the ceils, /© 
must be selectively disrupted to allow such high 
molecular weight materials to be ingested by the 
cell. Our copending application 82 filed on the 

1 5 same day as this application, and naming Franklin 

Lim as the sole inventor, discloses a method of 80 
selectively disrupting certain types of capsule 
membranes which may be used for these and 
other purposes without damage to the cells. 

20 The process of the invention depends on one's 

ability to form semipermeable membranes about 85 
cells without simultaneously adversely affecting 
their ongoing viability. One suitable encapsulation 
process is set forth In detail below. 

25 Cell Encapsulation 90 
The tissue or ceils to be encapsulated are 
suspended in an aqueous medium suitable for 
maintenance or for supporting the ongoing 
metabolic processes of the particular tissue or cell 

30 type involved. Media suitable for this purpose are 95 
available commercially. The average diameter of 
the material to be encapsulated can vary widely 
between a few micrometers to several millimeters. 
However, best results are achieved with capsules 

35 of a size in the range of 300— 1000 micrometers. 100 
Mammalian Islets of Langerhans are typically 50 
to 200 micrometers in diameter. Individual cells 
such as fibroblasts, leukocytes, lymphoblastolds, 
pancreatic beta cells, alpha cells, delta cells, 

40 various ratios thereof, or other tissue units may be 1 05 
encapsulated as desired. Also microorganisms 
may be encapsulated including those which have 
been genetically modified by recombinant DNA or 
other techniques. 

45 The ongoing viability of such living matter is 110 
dependent, inter alia, on the availability of required 
nutrients, oxygen transfer, absence of toxic 
substances in the medium, and the pH of the 
medium. Until recently, it has not been possible to 

50 maintain such living matter in a physiologically 1 1 5 
compatible environment while simultaneously 
encapsulating. The problem has been that the 
conditions required for membrane formation have 
been lethal or harmful to the tissue, and prior to 

55 the invention disclosed In our U.K. patent 1 20 

application No. 8008971, publication No. GB 
2 046 209A, no method of membrane formation 
which allowed tissue to survive in a healthy state 
had been forthcoming. 

80 However, it has been discovered that certain 125 
water-soluble substances which are 
physiologically compatible with living tissue and 
can be rendered water-insoluble to form a shape- 
retaining, coherent mass, can be used to form a 



"temporary capsule" or protective barrier layer 
about individual cells or groups of cells and that 
this temporary capsule can be treated to deposit a 
more permanent semipermeable membrane about 
the cells without damage to the cells. Such a 
substance is added, typically at a concentration on 
the order of a few weight percent, to the tissue 
culture medium, which also contains ceils of the 
culture, serum components (if required) and 
optionally, a cellular substrate such as collagen or 
another high molecular weight, water dispersible 
material which acts as an anchoring substrate. 
When using collagen, the concentration should be 
within the range of about 1 0 fig/m\ to about 
1 mg/ml, but preferably on the order of 
1 00 — 500 /xg/ml. 

The solution is then formed into droplets 
containing tissue together with Its medium and is 
immediately rendered water-insoluble and gelled, 
at least in a surface layer. Thereafter, the shape- 
retaining temporary capsules are provided with a 
more permanent membrane which may itself 
subsequently be selectively disrupted if It Is 
desired to release the tissue without damage. 
Where the material used to form the temporary 
capsules permits, the capsule interior may be 
rellquefled after formation of the permanent 
membrane. This is done by re-establishing the 
conditions In the medium at which the material is 
soluble. 

The material used to form the temporary 
capsules may be any non-toxic, water-soluble 
material which, by a change in ionic environment 
or concentration, can be converted to a shape- 
retaining mass. The material should also contain 
plural, easily ionized anionic moieties, e.g., 
carboxyl groups, which can react by salt formation 
with polymers containing plural cationlc groups. 
As will be explained below, use of this type of 
material enables one to deposit a permanent 
membrane of a selected upper limit of 
permeability without difficulty in surface layers of 
the temporary capsule. 

The presently preferred materials for forming 
the temporary capsule are ecidlc, water-soluble, 
natural or synthetic polysaccharide gums. Such 
materials are commercially available. They are 
typically extracted from vegetable matter and are 
often used as additives to various foods. Sodium 
alginate is the presently preferred water-soluble 
gum. Alginate in the molecular weight range of 
1 50 000+ daltons may be used, but because of Its 
molecular dimensions and viscosity will usually be 
unable to permeate the finally formed capsule 
membranes. Lower molecular weight alginate, 
e.g., 50,000 — 80,000 daltons, is more easily 
removed from the Intracapsular volume by 
diffusion through a membrane of sufficient 
porosity and is therefore preferred. Other usable 
gums include acidic fractions of guar gum, 
carageenan, pectin, tragacanth gum, or xanthan 
gum. 

These materials comprise glycoside-llnked 
saccharide chains. Their free acid groups are often 
present in the alkali metal Ion form, e.g., sodium 
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form, if a multivalent Ion such as calcium or 
aluminum is exchanged for the alkali metal ion, 
the water-soluble polysaccharide molecules are 
"cross-linked" to form a water-insoluble, shape- 

5 retaining gel which can be resolubilized on 
removal of the ions by Ion exchange or via a 
sequestering agent. While essentially any 
multivalent ion which can form a salt with the 
acidic gum is operable, It Is preferred that 

1 0 physiologically compatible ions, e.g., calcium, be 
employed. This tends to preserve the tissue in the 
living state. Other multivalent cations can be used, 
but it should be noted that magnesium Ions are 
ineffective in gelling sodium alginate. 

15 A typical solution composition comprises equal 
volumes of a cell culture in its medium and a one 
or two percent solution of gum in physiological 
saline. When employing sodium alginate, a 1 .2 to 
1 .6 percent solution has been used with success. 

20 If the cells to be encapsulated are of the type 
which require attachment to an anchoring 
substrate to undergo mitosis, and if the cells are to 
be grown with the capsules, then collagen or 
another high molecular weight water-dispersible 

25 protein or polypeptide, either natural or synthetic, 
may be included in the cell culture, and will be 
confined within the Intracapsular volume of the 
finally formed capsules. If a polymer having plural 
cationlc groups, e.g., polylysine, is employed for 

30 this purpose, the cationic groups react with 
anionic sites on the water-soluble gum to form a 
substantially water-insoluble matrix intertwined 
with the gum. Preferred concentrations for such 
materials are on the order of 1 00 — 500 fig/m\ of 

35 suspension (including gum solution). 

In the next step of the encapsulation process, 
the gum solution containing the tissue is formed 
into droplets of a desired size. Thereafter, the 
droplets are immediately gelled to form shape- 

40 retaining masses preferably but not necessarily in_ 
spherical or spheroidal form. The drop formations 
may be conducted by known methods. An 
exemplary procedure follows. 

A tube containing an aqueous solution of 

45 multivalent cations, e.g., 1 .5% CaCI 2 solution, is 
fitted with a stopper which holds a drop forming 
apparatus. The apparatus consists of a housing 
having an upper air intake nozzle and an elongate 
hollow body friction fitted Into the stopper. A 

50 1 0 cc syringe equipped with a stepping pump is 
mounted atop the housing with, e.g., a 0.01 inch 
I.D. (0.25 mm) Teflon coated needle passing 
through the length of the housing. The interior of 
the housing is designed such that the tip of the 

55 needle is subjected to a constant laminar air flow 
which acts as an air knife. In use, with the syringe 
full of solution containing the material to be 
encapsulated, the stepping pump is actuated to 
incrementally force droplets of solution from the 

60 tip of the needle. Each drop is "cut off' by the air 
stream and falls approximately 2.5 cm Into the 
CaCI 2 solution where it is immediately gelled by 
absorption of calcium Ions. The distance between 
the tip of the needle and the surface of the CaCl 2 

65 solution is great enough, In this instance, to allow 
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the sodium alginate/cell suspension to assume 
the most physically favorable shape; a sphere 
(maximum volume for minimum surface area). Air 
within the tube bleeds through an opening In the 
70 stopper. This results In "cross-linking" of the gel 
and in the formation of a high viscosity shepe- 
retainlng protective temporary capsule containing 
the suspended tissue and Its medium. The 
capsules collect In the solution as a separate 
75 phase and may be separated by aspiration. 
In the next step of the process, a 
semipermeable membrane Is deposited about the 
surface of the temporary capsules by "cross- 
linking" surface layers. This may be effected by 
80 subjecting the gelled temporary capsules to an 
aqueous solution of a polymer containing cationic 
groups reactive with anionic functionalities in the 
gel molecules. Polymers containing acid reactive 
groups such as free imine or amine groups are 
85 preferred. In this situation, the polysaccharide gum 
is crossiinked by Interaction (salt bond formation) 
between the carboxyl groups and the amine or 
Imine groups. Permeability can be controlled 
within limits by selecting the molecular weight of 
90 the cross-linking polymer used and by regulating 
the concentration of the polymer solution and the 
duration of exposure. A solution of polymer having 
8 low molecular weight, In a given time period, will 
penetrate further into the temporary capsules than 
95 will a high molecular weight polymer. The degree 
of penetration of the cross-linker has been 
correlated with the resulting permeability. In 
general, the higher the molecular weight and the 
less penetration, the larger the pore size. Broadly, 

1 00 polymers within the molecular weight range of 
3,000 to 1 00,000 daltons or greater may be used, 
depending on the duration of the reaction, the 
concentration of the polymer solution, and the 
degree of permeability desired. One successful set 

1 05 of reaction conditions, using polylysine of average 
molecular weight of about 35,000 daltons, 
involved reaction for two minutes, with stirring, of 
a physiological saline solution containing 0.01 67 
percent polylysine. This results in membranes 

1 1 0 having an upper limit of permeability of about 
1 00,000 daltons. Optimal reaction conditions 
suitable for controlling permeability In a given 
system can readily be determined empirically in 
view of the foregoing guidelines. Using this 

1 1 5 method It is possible to set the upper permeability 
limit of the membranes at a selected level below 
about 200,000 daltons. 

Examples of suitable cross-linking polymers 
include proteins and polypeptides, either natural 

120 or synthetic, having free amino or Imino groups, 
polyethyleneamlnes, polyethylenelmines, and 
polyvinyl amines. Polylysine, In both the D and L 
forms, has been used with success. Proteins such 
as polyargenine, polycltrulline, or polyornithine are 

1 25 also operable. Polymers in the higher range of 
positive charge density, e.g., polyvinylamlne, 
vigorously adhere to the anionic groups of the gel 
molecules to form stable membranes, but the 
membranes are rather difficult to disrupt. 

1 30 Treatment with a dilute solution of gum will tie 
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up free amino groups on the surfaces of the 
capsules which otherwise may impart to the 
capsules a tendency to clump. 

At this point in the encapsulation, capsules may 
5 be collected which comprise a semipermeable 
membrane surrounding a gelled solution of gum, 
cell-type compatible culture medium, cells, and 
optionally an internal matrix of collagen or another 
anchorage substrate. Since mass transfer should 

10 be promoted within the capsules and across the 
membranes, it is preferred to reliquefy the gel to its 
water-soluble form. This may be done by re- 
establishing the conditions under which the gum 
Is a liquid, e.g., removing the calcium or other 

1 5 multifunctional cations from the interior gel. The 
medium In the capsule can be resolubllized simply 
by immersing the capsules \a pnosphate buffered 
saline, which contains alkali metal ions and 
hydrogen ions. Monovalent ions exchange with 

20 the calcium or other multifunctional ions within 
the gum when the capsules are immersed in the 
solution with stirring. Sodium citrate solutions 
may be used for the same purpose, and serve to 
sequester the divalent ions. 

25 Cell cultures encapsulated as described above 
may be suspended in culture media designed 
specifically to satisfy all of the requirements of the 
particular cell type involved and will continue to 
undergo normal in vitro metabolism. If the culture 

30 requires an environment of high molecular weight 
components such as serum components, these 
may be omitted from the extracapsular medium. 
Typically, the components normally ingested by 
cells are of relatively low molecular weight and 

35 readily diffuse across the capsule membranes into 
the microenvironment of the cells where they 
permeate the cell membrane. Products of 
metabolism of the cells which are secreted into 
the intracapsular medium, if they have a molecular 

40 weight below the upper limit of permeability of the 
capsule membrane, likewise diffuse thereacross 
and collect in the extracapsular medium. 

The encapsulated cells may be cultured under 
conditions of, e.g., temperature, pH, and Ionic 

45 environment, identical to conventional cultures. 
Also, cell-produced products may be harvested 
from the extracapsular medium or from the 
capsules by conventional techniques. However, 
the culturing technique disclosed herein has the 

50 following advantages: 

1 . The cells of the culture are protected from 
shearing forces and mechanical damage and from 
contamination by factors having dimensions in 
excess of the upper permeability limit of the 

55 membranes. This means that handling and sterility 
requirements normally incident to culturing 
procedures can be somewhat relaxed, since 
microorganisms cannot reach the encapsulated 
cells, and virus Infected cells need not 

60 contaminate other cells. 

2. The capsules in effect immobilize the cells 
within an environment in which enclosed high 
{ molecular weight materials are confined, yet lower 

lolecular weight cell nutrients and products are 
jdily introduced and removed. This allows the 



nutrient both to be intermittently or continuously 
collected and supplemented as desired, without 
disturbing the cells. 

3. Substances of interest produced by the cells 
70 are more easily recovered. Secreted cell products 

of molecular dimensions small enough to 
permeate the capsule membranes collect in the 
extracapsular medium in admixture with nutrients. 
However, high molecular weight serum 

75 components and the like are not released into the 
' extracapsular medium, thus simplifying recovery 
of a cell product of interest. Secreted cell products 
of molecular dimensions in excess of the upper 
permeability limit of the membranes collect within 

80 the capsules. Of course, cell products not secreted 
through the cell membrane may also be of 
interest These may be recovered In relatively 
concentrated form by isolating the capsules and 
subsequently selectively disrupting the capsule 

85 membranes using, for example, the technique 
disclosed hereinafter, and if necessary by 
disrupting the cell membranes. 

4. The intracapsular volume provides an 
environment well suited for cell division. 

90 Suspension cultures have been observed to 
undergo mitosis within the capsule. Anchorage 
dependent cells which In normal cultures grow in 
a two-dimensional monolayer multiply to form an 
array within the capsule. Such cells use the 
95 interior surfaces of the membrane as a substrate 
and /or anchor to the high molecular weight 
materials set forth above which are disposed 
within the capsule. This leads to significant 
increases In ceil density as compared with 

1 00 conventional cultures. The ongoing viability of 
such cell clusters is aided by the fact that the 
surface area to volume ratios of the capsules can 
be quite large, and thus all cells have access to 
required nutrients, oxygen, etc. 

1 05 In certain situations It would be advantageous 
to selectively disrupt the capsule membranes to 
release the cells without damage. One notable 
. example is in the production of interferon (INF). 
Cells capable of producing INF must be subjected 

1 1 0 to certain viruses or nucleic acids in preparation 
for the INF production stage. Also, in several INF 
Induction procedures, reagents are added to the 
culture to inhibit protein synthesis. Accordingly, 
the growth stage of the culturing process must be 

1 1 5 conducted under conditions quite different from 
the INF Induction stage. If the substances used for 
INF induction are of a molecular weight Jn excess 
of the upper permeability limit of the capsule 
membranes (as will be the case In virus 

1 20 inductions) the induction process cannot be 
accomplished in the encapsulated cell culture. 
Accordingly, INF producing cells, If grown within 
the capsule, would have to be released by 
disruption of the membrane in order to be 

1 25 subjected to the induction process. 

Disruption of Membranes 

Cells confined In membranes of the type set 
forth above may be released by a process 
involving commercially available reagents having 
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properties which do not significantly adversely 
affect the encapsulated cells. First, the capsules 
are separated from their suspending medium, 
washed thoroughly to remove any contaminants 
5 present on the exterior of the microcapsules, and 
then dispersed, with agitation, In a mixed solution 
of monatomic, multivalent cations such as calcium 
Ions and a stripping polymer having plural anionic 
moieties such as a salt of a polysulfonlc or 

1 0 polyphosphoric acid. Heparin, a natural sulfonated 
polysaccharide, is preferred for this step. The 
anionic charge density of the stripping polymer 
used should be equal to or preferably greater than 
the charge density of the polyanionic material 

1 5 originally employed to form the membranes. The 
molecular weight of the polymer should be at least 
comparable to and preferably greater than the 
molecular weight of the polymer having plural 
cationic groups used In forming the membrane. 

20 Within the suspension of capsules in the mixed 
solution, the calcium ions compete with the 
poiycationic polymer chains used to form the 
membrane for anionic sites on the water-soluble 
gum. Simultaneously, the heparin or other 

25 polymer having plural anionic moieties dissolved 
in the solution competes with the gum in the 
membrane for cationic sites on the polymer 
chains. This results in a water-dispersable or 
preferably water-soluble complex of e.g., 

30 polylysine and heparin, and in association of the 
monatomic cations with molecules of the gel. 

This step renders the membrane susceptible to 
dissolution upon subsequent exposure to a 
sequestering agent which completes the 

35 disruption process by taking up monatomic ions 
from the gel. Capsule membrane debris which 
remains in the medium, if any, can be easily 
separated from the cells. 

The currently preferred solution for the first 

40 stage of the selective disruption process 
comprises 1 .1% calcium chloride (w/v) and 
between 500 to 1 ,500 units of heparin per 
milliliter of solution. A volume of microcapsules is 
added to this solution sufficient to constitute 

45 between about 20% and 30% of the total volume 
of suspension. Calcium chloride and heparin are 
preferred for disrupting membranes of cell- 
containing capsules since both reagents are 
physiologically compatible with most cells and 

50 therefore minimize the possibility of cell damage. 
Mixtures of aluminum salts or other multivalent 
cations (but not Mg++ ions) may also be used 
together with the polysulfonic or polyphosphoric 
acid salts of the type set forth above. 

55 In general, the concentrations of monatomic 
ions and anionic polymer used in this step may 
vary widely. Optimum concentrations may be 
readily determined empirically, and depend on 
exposure time as well as the particular polymer 

50 used to form the membranes. 

The currently preferred sequestering agent for 
performing the selective disruption is sodium 
citrate, although other alkali metal citrate salts 
and alkali metal EDTA salts may also be used. 

65 When sodium citrate is employed, the optimum 



concentration is on the order of 55 mM. It is 
preferred to dissolve the citrate or other 
sequestering agent in Isotonic saline so as to 
minimize cell damage. 
70 The Invention will be further understood from 
the following non-limiting examples. 

EXAMPLE 1 : INSULIN PRODUCTION 

Islets of Langerhans are obtained from human 
cadaver of animal pancreas and added to a 
75 complete tissue culture (CMRL-1 969 Connaught 
Laboratories, Toronto, Canada) at a concentration 
of approximately 1 0 3 islets per milliliter. The tissue 
culture contains all nutrients needed for continued 
viability of the islets as well as the amino acids 
80 employed by the Beta cells for making insulin. 
Four-tenths of a milliliter of a 1 0 3 Islet per milliliter 
suspension is then added to a one-half milliliter 
volume of 1.2 percent sodium alginate (Sigma 
Chemical Company) in physiological saline. 
85 Next, a 1 .5 percent calcium chloride solution is 
used to gel droplets of the solution formed as set 
forth above. Droplets on the order of 300—400 
microns in diameter emanating from the tip of the 
needle Immediately gel upon entering the calcium 
90 solution. The gelled capsules are then transferred 
to a beaker containing 1 5 ml of a solution 
comprising one part of a 2% 2 (cyclohexylamlno) 
ethane sulfonic acid buffer solution In 0.6% NaCl 
(isotonic, ph = 8.2) diluted with 20 parts 1% 
95 CaCI 2 . After a 3 minute immersion, the capsules 
are washed twice in 1% CaCl r 

The capsules are then transferred to a 32 ml 
solution comprising 1/80 of one percent 
polylysine (average MW 35,000 daltons) in 

1 00 physiological saline. After 3 minutes, the 

polylysine solution is decanted. The capsules are 
washed with 1% CaCI 2 , and optionally 
resuspended for 3 minutes in a solution of 
polyethylenelmlne (MW 40,000 — 60,000) 

1 05 produced by diluting a stock 3.3% 

polyethyleneimine solution In morpholino propane 
sulfonic acid buffer (0.2M, ph » 6) with sufficient 
1% CaCI 2 to result in a final polymer concentration 
of 0.12%. The resulting capsules, having 

11 0 "permanent" semipermeable membranes, are 
then washed twice with 1 % CaC! 2 , twice with 
physiological saline, and mixed with 10 ml of 0.12 
percent alginic acid solution. 

The capsules resist clumping, and many can be 

1 1 5 seen to contain islets of Langerhans. Gel on the 
interior of the capsules is reliquefied by Immersing 
the capsules in a mixture of saline and citrate 
buffer (pH —7.4) for 5 minutes. Lastly, the 
capsules are suspended In CMLR-89 medium. 

1 20 Under the microscope, these capsules are seen 
to consist of a very thin membrane which encircles 
an islet within which individual cells can be seen. 
Molecules having a molecular weight up to about 
one-hundred thousand can traverse the 

1 25 membranes. This allows oxygen, amino acids, 

nutrients, and plasma components used In culture 
media (i.e„ lower molecular weight fetal calf 
plasma components) to reach the islet and allows 
insulin to be secreted. 
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After repeated washings in physiological saline, 
microcapsules made in accordance with the above 
procedure containing approximately 1 5 islets are 
suspended in 3 milliliters of CMRL-1 969. When 
5 eight days old, in the presence of 600 mg/dl 
glucose, the capsules secreted Into the 
extracapsular medium, In one run, 67 units/ml 
insulin in 1 .5 hours. In a second run, 68 units/ml 
insulin were produced in the same amount of 
1 0 time. One week old capsules, in the same medium, 
but in the presence of 1 00 mg/dl glucose, in a first 
run, secreted 25 units/ml insulin in 1 .2 hours, and 
in a second run, secreted 10 units/ml. 

EXAMPLE 2: INF-/5 PRODUCTION 

1 5 Human fibroblasts obtained by treating human 
foreskin tissue with trypsin and EDTAfor 5 
minutes at 37°C in a known manner are 
suspended in a complete growth medium (CMLR- 
1 969, Connaught Laboratories) supplemented 

20 with 40% (v/v) purified fetal calf serum, 0.8% 
sodium alginate (Sigma) and 200 /xg/ml purified 
calf skin collagen. The density of the cell 
suspension is about 1 .5 x 10 7 cells/ml. 
Temporary alginate capsules are formed as set 

25 forth in Example 1 . Semipermeable membranes 
are deposited in surface layers of the capsules by 
suspending them in a 0.005% (w/v) aqueous 
solution of polylysine (MW 43,000 daltons) for 3 
minutes. 

30 The resulting capsules are suspended in CMLR- 
1969 supplemented with 10% fetal calf serum. 
The foregoing steps are all conducted at 37 °C. 
After incubation at the same temperature, the 
capsules, if examined under the microscope, will 

35 be found to contain fibroblasts which have 

undergone mitosis and display three-dimensional 
fibroblastic morphology within the microcapsules. 

After 4 — 5 days of incubation, the 
encapsulated fibroblasts are subjected to an INF-/J 

40* superinduction technique according to the Vilcek 
procedure* Under a 5% C0 2 atmosphere (95% air), 
the capsule suspension is incubated at 37 °C for 
one hour in the presence of 1 00 /ug/ml Poly l-Poly 
C, a double stranded RNA (known INF-/J inducer) 

45 available from PL Biochemicals, Milwaukee, 
Wisconsin and 50 ^g/ml cycloheximide (protein 
synthesis inhibitor, Calbiochem, La Jolla, 
California). After one hour, the suspended 
capsules are washed in medium (CMLR-1969) 

50 containing 50 /xg/ml cycloheximide and then 
resusp ended in the same solution for 3 hours at 
37°C under a 5% C0 2 atmosphere. At the 
completion of this incubation the washing step is 
repeated and the capsules are resuspended In 

55 medium containing 5Q /ig/ml cycloheximide and 
5 figfmX actimomycin D (a known RNA synthesis 
inhibitor, Calbiochem) and incubated for 2 hours 
at 37 °C under a 5% C0 2 atmosphere. The 
capsules are then washed twice in medium and 

60 suspended in serum-free medium at 37 °C for 
1 8 — 24 hours, during which time the fibroblasts 
secrete INF-/5, which has a molecular weight on 
the order of 21 ,000 daltons and may be harvested 
from the extracapsular medium. 



65 EXAMPLE 3: INF-/J PRODUCTION 

The procedure of Example 2 is repeated, except 
that prior to induction the capsule membranes are 
selectively disrupted so that the Poly I • Poly C can 
more easily gain access to the fibroblasts. The 

70 disruption procedure is conducted as follows. 
10 ml portions of microcapsule suspensions 
containing about 500 — 1 000 capsules per ml are 
allowed to settle and the suspension medium is 
aspirated off. The capsules are washed twice with 

75 phosphate buffered saline (PBS, pH = 7.4). The 
washed capsules are then mixed with a 3.0 ml 
aliquot of PBS containing 1 000 units/mi heparin 
and 1 .1% (w/v) CaCl r The suspension is agitated 
at 37°C for 3 minutes, after which the capsules 

80 are allowed to settle, the supernatant is aspirated 
off, and the capsules are washed twice with 
3.0 ml of 0. 1 5M NaCl. After aspiration of the 
second wash solution, the capsules are mixed with 
2.0 ml of a mixed solution comprising equal 

85 volumes of 1 1 0 mM sodium citrate and 0.1 5M 
NaCl (pH = 7.4). The mixture is hand vortexed for 
1 minute to induce dissolution of the membranes 
after which cells are washed twice In medium. 
The ceils are then suspended in medium, 

90 subjected to the induction procedure set forth in 
example 2, and then re-encapsulated as set forth 
in Example 2. The capsule suspension is then 
incubated in serum-free medium for 1 8 — 24 
hours, during which time INF-/J is secreted from 

95 the cells, permeates the capsule membranes, and 
collects in the extracapsular medium. 

Examples 2 and 3, if conducted with Poly I- 
Poly C (5S) (sedimentation value, Poly I and Poly 
C annealed to form double stranded RNA) result in 
1 00 the following INF-/5 production levels, in units of 
INF-0/1 0 s cells: 



Example 2 



Example 3 



1. 



25 



2,500 



25 
2,500 



1 05 Examples 2 and 3, if conducted with Poly I- 
Poly C (1 2S) (sedimentation value, double 
stranded as purchased) result in the following INF- 
ji production levels, in units of INF-^/1 0 B cells: 



Example 2 



1. 



110 25 
Example 3 2,500 



25 
2,500 



The one-hundred fold increase In production using 
the procedure of Example 3 over that of Example 2 
is believed to be due, at least in part, to the fact 
1 1 5 that the Poly I • Poly C has better access to the 
cells in the Example 3 procedure. 

EXAMPLE 4 

The procedure of Example 2 is repeated except 
that capsules containing no collagen are 
1 20 employed. The encapsulated cells were grown in 
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conventional monolayer culture, treated with 
trypin, and induced with Poly I - Poly C (5S) and 
microencapsulated simultaneously. The 
extracapsular medium is found to contain 2,500 
5 units INF-/J/10 5 cells. 

EXAMPLE 5: MONOCLONAL ANTIBODIES 

Hybridoma cells obtained from Herman Eisen at 
MIT were cultured to a density of 
3.0 x 1 0 6 cells/ml. These cells had been fused 

1 0 from mouse spleen cells and mouse myeloma 
cells in a manner now well known in the prior art 
and constituted an immortal cell line which In 
culture produced antibodies agains dinitrophenyl 
bovine serum albumin. Three ml aliquots of the 

1 5 cell suspension were made up by adding 2.1 ml of 
suspension containing 1.496 sodium alginate to 
0.6 ml fetal calf serum and 0.3 ml physiological 
(1 50 mM) saline. Droplets of the suspension were 
immediately gelled in CaCl 2 solution and then 

20 treated with a 0.01 6 weight percent solution of 
poly L lysine. The interior of the resulting capsules 
was then reliquef led by immersion in a solution of 
one part 110 mM sodium citrate and three parts 
1 50 mM saline for 6 minutes. The capsules 

25 containing hybridoma cells were then suspended 
in a mixture of RPMI-1 640 medium (Gibco) 
containing 20% heat inactivated fetal calf serum. 

Cell counts of encapsulated and 
unencapsulated hybridoma cultures, and the 

30 amount of monoclonal antibody produced by both 
the encapsulated and unencapsulated cultures 
were determined periodically. The results are set 
forth in graphical form in Fig. 2. 

EXAMPLE 6: INF-or FROM LEUKOCYTES 
35 30 ml buffy coats obtained from the American 
Red Cross were treated with 3.0 mi of 5% EDTA 
and repeated 10 minute exposures to 0.83% 
NH 4 CI at 4°C to iyse the red cells. A five minute 
centrifuge (1 200 rpm at 4°C) between NH4CI 
40 treatments separated debris from the remaining 
intact leukocytes. The cells were next suspended 
in MEM (minimum essential medium, serum free 

— Gibco), diluted by a factor of 1 00, and stained 
with tryptan blue for 1 5 minutes. A cell count 

45 conducted on a sample showed that about 
1 .3 x 1 0 s leukocytes per 30 ml buffy coat 
survived. The cells were then suspended at a 
density of 1 x 1 0 7 cells/ml in medium 
supplemented with 2% heat inactivated fetal calf 

50 serum. 

Induction was effected by exposing the cell 
suspension to Sendai virus (various 
concentrations in haemagglutinating units/ml — 
Flow Laboratories, Md.) for one hour at 37°C with 

55 stirring. The virus was then separated from the cell 
by centrifugation at room temperature and the 
cells were resuspended in equal volumes of MEM 

— 4% heat inavtivated fetal calf serum and 1 .4% 
sodium alginate. Capsules were formed as set 

60 forth above and then resuspended in serum-free 
and serum-containing media. There were no 
significant differences in the quantities of INF 
detected In the extracapsular medium of these 



test samples. INF production levels were also 
65 identical in unencapsulated control cultures. The 
results of these experiments are set forth below 



Units Sendai Virus 
(HA Units/ml) 



INF Produced 
Units 10 7 Cells 



70 



600 
300 
150 
75 



10 
20 
33 
50 



EXAMPLE 7: INF-or FROM LYMPHOBLASTOIDS 
Namalwa cells from the American Type Culture 

75 Collection were grown both in conventional 
culture and within microcapsules in RPMI-1 640 
medium supplemented with 10% heat inactivated 
fetal calf serum. Volumes of the cell suspensions 
were then subjected to INF induction and 

80 production procedures, with one volume 

encapsulated and the other unencapsulated. The 
cultures contained substantially equal numbers of 
cells. To both the encapsulated and 
unencapsulated cultures was added 25 mg/ml 

85 bromo deoxyuridine in double distilled water to 
Inhibit mitosis. After incubation for 36 hours at 
37°C # the cells of both cultures were washed and 
then suspended in RPMI-1 640 medium 
supplemented with 2% heat inactivated fetal calf 

90 serum. 

The encapsulated culture was then treated to 
selectively disrupt the capsule membranes. The 
capsules were washed three times in physiological 
saline incubated in 1000 units/ml heparin solution 
95 containing 1.1%CaCI 4 for 10 minutes at 37°C, 
and then rewashed in saline. The washed capsules 
are next incubated for 5 minutes at 37 °C with 
dilute sodium citrate solution in physiological 
saline. Agitation of the capsule suspension at this 

1 00 point results in dissolution of the membranes and 
release of the Namalwa cells. The eel suspension 
is then centrifuged to remove debris and washed 
several times In citrate/saline solution. 

Both cultures were next suspended in fresh 

1 05 RPMI-1 640 culture medium supplemented with 
2% heat inactivated fetal calf serum and buffer 
(pH x 7.4) at a density of 1 .0 x 1 0 ft cells/ml. 

To both the conventional culture and the 
formerly encapsulated culture were then added 

110 the Bankowskl strain of Newcastle Disease Virus 
in amniotic fluid. The virus was at a concentration 
of 1 -0 x 1 0* pfu/ml and was purchased from 
Poultry Health Laboratories, Davis, California. One 
ml of the virus was added for each 10 ml of cell 

1 1 5 suspension. The cultures were incubated for 24 
hours at 37 °C. 

The conventional culture was then divided Into 
five parts (1 — 5 below); the formerly encapsulated 
culture was divided into 4 parts (6 — 9 below). 

1 20 Each of the 9 aliquots of culture were then 
assayed for INF production following the 
treatments set forth below. 

1. untreated 

2. resuspended in RPMI-1 640 medium with 2% 
1 25 heat inactivated fetal calf serum 
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1 


30 


6 


40 


2 


45 


7 


40 


3 




8 


1000, 360 


4 


680 


9 


200,100 


5 


2000 







3. resuspended In RPMI-1 640 medium serum- 
free 

4. encapsulated together with RPMI-1 640 
medium and 5% heat-inactivated fetal calf serum- 

5 capsules suspended in serum-free medium 

5. encapsulated together with RPMI-1 640 
medium and S% heat-inactivated fetal calf serum- 
capsules suspended in medium with 2% fetal calf 
serum 

10 6. resuspended in serum-free medium 

7. resuspended in medium containing 2% heat- 
inactivated fetal calf serum 

8. reencapsulated together with medium plus 
5% heat-inactivated fetal calf serum-capsules 

15 suspended in serum-free medium 

9. reencapsulated together with medium plus 
5% heat-inactivated fetal calf serum-capsules 
suspended in medium plus 2% serum 

The following table sets forth the quantity of 
20 cells required in each of the cell cultures 1 — 9 to 
produce 1 unit of INF-ar. 



25 



CLAIMS 

1 . A process for producing a substance which is 
produced by living cells, wherein the process 
30 comprises the steps of : 

A, encapsulating the cells within membranes 
having a selected upper limit of permeability; 

B. suspending the encapsulated cells in an 
aqueous culture medium; 

35 C. allowing said cells to undergo metabolism In 
vitro and to secrete the required substance; and 

D. harvesting the substance either from the 
aqueous culture medium or from within the 
* membranes. 
40 2. The process according to claim 1 , wherein 
encapsulation step (A) is effected by forming the 
membrane by reaction between cationic groups 
on polymer chains and anionic groups on a water- 
soluble gum to form a water-insoluble salt bonded 
45 matrix. 

3. The process according to claim 1 , wherein 
encapsulation step (A) Is effected by: 

1 ) suspending the cells in an aqueous medium 
physiologically compatible therewith and 

50 containing a water-soluble gum having plural 
anionic moieties; 

2) forming the suspension into droplets 
containing the cells; 

3) subjecting the droplets to a solution 

55 containing multivalent physiologically compatible 
cations to gel the droplets as discrete, shape- 
retaining, water-Insoluble temporary capsules; 
and 

4} cross-linking surface layers of said temporary 
60 capsules to produce semipermeable membranes 
about said droplets by subjecting them to a 
polymer comprising plural cationic groups reactive 
with said anionic moieties. 



4. The process according to claim 3, comprising 
65 the additional step of resolubilizing the gel within 

the membrane produced in step 4). 

5, The process according to claim 1 , 2, 3 or 4, 
wherein the required substance has a molecular 
weight such that the substance is capable of 

70 traversing the membrane, and the process 
comprises allowing the substance to diffuse 
through the encapsulating membranes into the 
aqueous medium and harvesting the substance 
therefrom. 

75 6. The process according to any of claims 1 to 
5, wherein the cells are encapsulated together 
with a complete cell culture medium sufficient to 
maintain the cells and to allow biosynthesis of the 
substance In vitro. 

80 7. The process according to any of claims 1 to 
5, wherein the aqueous medium used in step (B) is 
a complete cell culture medium sufficient to 
maintain the cells and to allow biosynthesis of the 
substance in vitro. 

85 8. The process according to claim 6, wherein a 
component having a molecular weight such that 
the component is unable to traverse the said 
membranes Is needed by the cells in order to allow 
In vitro biosynthesis of the said substance, and the 

90 process comprises the additional step of 

encapsulating the said component together with 
the cells. 

9. The process according to claim 8 f wherein 
the aqueous culture medium of Step B is 

95 substantially free of the said component. 

1 0. The process according to any of claims 1 to 
9, wherein the cells are mammalian cells, 

1 1 . The process according to any of claims 1 to 
9 or 1 0, comprising the additional step of allowing 

1 00 the cells to undergo mitosis within their capsules. 

1 2. The process according to any of claims 1 to 
9, wherein the cells are cells which have been 
genetically modified. 

1 3. The process according to any of claims 1 to 
1 05 1 2, wherein encapsulation step (A) is conducted 

under conditions producing spheroidal 
microcapsules having a diameter below about 
0.5 mm. 

1 4. The process according to any of claims 1 to 
110 13, wherein the substance harvested in step {E) is 

selected from insulin, glucagon, prolactin, 
somatostatin, thyroxin, hormones Including . 
steroid hormones and pituitary hormones, follicle- 
stimulating hormone and PTH, interferons, 
115 lymphokines and antibodies. 

1 5. The process according to any preceding 
claim, wherein the cells comprise hybridoma cells, 
and the said substance comprise monoclonal 
antibodies having a molecular weight such that 

1 20 the antibodies cannot traverse the membranes, 
the antibodies being harvested from within said 

membranes. 

1 6. The process according to any preceding 
claim, wherein said selected upper limit of 

1 25 permeability is below about 1.5X10 8 daltons. 

1 7. A process employing encapsulated living 
cells to produce desired substances biologically, 
substantially as herein described by way of 
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example. 

1 8. A system for cuituring living cells 25 
comprising encapsulated viable cells suspended in 

an aqueous culture medium, membranes 
5 encapsulating the cells being characterised by an 
upper limit of permeability sufficient to allow 
traverse of nutrients required by the cells, the 30 
membranes enclosing suspended viable cells 
disposed in a medium which includes all 

10 components needed to maintain viability of said 
cells which are of a size beyond the upper 
permeability limit of the membranes, and the 35 
aqueous culture medium comprising all 
components needed to maintain viability of said 

1 5 cells which have a molecular size below the upper 
permeability limit. 

1 9. The system according to claim 1 8, wherein 40 
the first-mentioned components comprise serum 
components. 

20 20. The system according to claim 1 8, wherein 
the cells comprise mammalian cells. 

21 . The system according to claim 1 8, wherein 45 
the cells comprise microorganisms. 



22. The system according to claim 1 8, wherein 
the cells comprise genetically modified cells. 

23. The system according to claim 1 8, wherein 
the cells comprise hybridoma cells. 

24. The system according to claim 1 8, wherein 
the cells comprise cells capable of secreting in 
vitro a substance selected from hormones, 
interferons, lymphokines, and antibodies, 

25. The system according to claim 1 8, wherein 
the cells comprise cells capable of secreting in 
vitro a substance selected from insulin, glycogen, 
growth hormones, pituitary hormones, steroid 
hormones, prolactin, somatostatin, PTH, and FSH. 

26. The system according to any of claims 1 8 
to 25, wherein the porous membranes comprise a 
polymer gum having plural anionic moieties salt 
bonded to a polymer having plural cationic 
moieties. 

27. A system according to claim 1 8 and 
substantially as herein described with reference to 
Fig. 1 of the accompanying drawings. 

28. A system according to claim 1 8 and as 
described in any one of Examples 1 to 7. 
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@ Pofyphenytene ether realn compositions and shaped articles thereof. 

© A polyphenylens ether resin composition comprises a 
pofyphenytene ether resin matrix and dispersed therein as heat 
stabilizer a phosphonic acid or derivative thereof of the formula 



*i- — P, 



IN 



ORg 



(I) 



•5 wherein R 1 represents an unsubstituted or substituted phenyl 
or naphthyl group, or a linear or branched alkyt group of 1 to 18 
|Q carbon atoms, or a group of the formula (a) 



CO 

o 
o 



,R 2 0 



y 7 I 



-CH* — P 



^ORg 



Ra and R3 are the same or different and each represents hy- 
drogen atom, a metal, an unsubstituted or substituted phenyl 
group, or an aJkyl group of 1 to 10 carbon atoms and R4 is a di- 
valent hydrocarbon group of 2 to 1 0 carbon atoms. 
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DESCRIPTION 

"POLYPHENYLENE ETHER RESIN COMPOSITIONS AND 
SHAPED ARTICLES THEREOF" 



This invention relates to a polyphenylene 
ether resin composition having improved heat stability. 

Polyphenylene ethers are known resins which are 
disclosed, for example, In U # S, Patents Nos. 3306874, 
5 3306875, 3257357, 3257358 and 4011200 and Japanese Laid- 
Open Patent Publication No* 126800/1975 • Since poly- 
phenylene ethers having a molecular weight above a 
certain limit have a high softening point, they are 
useful in applications which require heat stability. In 

10 formulating a polyphenylene ether into resin compositions, 
however, its high softening point makes it necessary to 
use higher kneading and extruding temperatures than in 
the case of other versatile resins, and high temperatures 
are also required in molding the resin compositions. 

15 Moreover, molded articles of the polyphenylene ether resin 
compositions are frequently used at relatively high 
temperatures over long periods of time in contrast to 
those from versatile resins. 

Because polyphenylene ethers are relatively 

20 unstable to heat as is well known, they undergo degradation 
during extrusion and molding at high temperatures, and 
result in polyphenylene ether resin compositions and 
molded articles having degraded properties and/or dis- 
coloration. These deleterious effects limit widespread 

25 utilization of polyphenylene ether resin compositions, 

and it has been desired to remedy these defects, particu- 
larly to improve their heat stability at high temperature. 

Various methods have already been proposed for 
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the stabilization of resin compositions containing poly- 
phenylene ethers. These methods are classified into a 
group involving capping the hydroxyl groups present at 
"the terminals of the polyphenylene ether molecule by 
5 acylation, etc. , and a group comprising adding various 
stabilizers to polyphenylene ethers. 

Known stabilizers used in the latter group 
include, for example, benzoates (U. S. Patent No. 
3*379,875), hexa-alkylphosphoric triamldes or combinations 
10 thereof with other compounds (U. S. Patents Nos. 3414536, 
3420792, 3429850, 3465062, 3472814, 3483271, 3792121 and 
3816562), octa-alkylpyrophosphoramldes or combinations 
thereof with other compounds (U. S. Patent No. 3,450,670), 
amines (U. S. Patents Nos. 3,563,934 and 3,956,423), 
15" phosphites or hydrazines (U. S. Patent No. 3,639,334). 

alkanolamlnes (U. S. Patent No. 3,761,541), arylphosphonlc 
amides (U. S. Patent No. 3,792,120), sterlcally hindered 
phenols having a triazlne or isocyanuric ring (U. S. Patent 
No. 4,154,719), substituted dicarboxylie acid dihydrazldes 
20 (U. S. Patent No. 3,954,904), high-molecular-welght 

phosphites or combinations thereof with other compounds 
(U. S. Patent No. 3,952,072), amides (Japanese Patent 
Publication No. 29748/1969), metal dithiocarbamates 
(Japanese Patent Publications Nos. 19395/1970 and 8352/ 
25 1970), carboxylic acid anhydrides (Japanese Patent 

Publication No. 29,750/1969), phosphites (Japanese Patent 
Publication No. 29,751/1969), sterlcally hindered phenols 
or combinations thereof with other compounds (Japanese 
Patent Publicatoons Nos. 43473/1971, 42029/1971, 42030/ 
30 1971, 42031/1971, 42032/1971, and 42033/1971), sterlcally 
hindered phenols having one amide linkage in the molecule 
(Japanese Patent Publication No. 24782/1971), sterlcally 
hindered phenols having one ester linkage in the molecule 
(Japanese Patent Publication No. 38623/1973), high- 
35 molecular-weight phosphites (Japanese Laid-open Patent 

Publications Nos. 23846/1974, 31755/1974 and 40476/1975), 
and combinations of phosphorous acid amides and boron 
compounds (Japanese Lald-Open Patent Publication No. 
^29750/1974). 
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None of these numerous stabilizers previously 
proposed have been conductive to the provision of poly- 
pheny! ene ether resin compositions having fully satis- 
factory heat stability, particularly at high temperatures, 
5 in practical applications* 

It is an object of this invention therefore to 
improve the heat stability of a polyphenylene ether resin 
composition. 

Another object of this invention is to provide 
10 a polyphenylene ether resin composition having excellent 
heat stability at high temperatures* 

Still another object of this invention is to 
provide a polyphenylene ether resin composition showing 
inhibited degradation against a long heat history at high 
15 temperatures, which can withstand high temperatures 

during kneading, extrusion and molding and give molded 
articles having excellent heat stability in long-term 
use at high temperatures. 

Other objects and advantages of this invention 
20 will become apparent from the following description. 

In accordance with this invention, the objects 
and advantages of this invention are achieved by a poly- 
phenylene ether resin composition having improved heat 
stability, said composition comprising a polyphenylene 
25 ether resin matrix and dispersed therein, a phosphonic 
acid or its derivative represented by the following 
formula (I) 

0 0R 3 

wherein represents an unsubstituted or 
30 substituted phenyl or naphthyl group, or 

a linear or branched alkyl group with 1 to 
18 carbon atoms, or a group of the following 
formula (a) 
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( * P-CH^h, K-R t -N-CH,-P *■ ; 

R 2 and are identical or different and 
each represents hydrogen atom, a metal , an 
unsubstituted or substituted phenyl group, 
5 or an alkyl group with 1 to 10 carbon atoms; 

and is a divalent hydrocarbon group with 
2 to 10 carbon atoms. 

According to this invention, there is preferably 
provided a polyphenylene ether resin composition having 
10 improved heat stability, comprising a polyphenylene ether 
resin matrix and dispersed therein, both the aforesaid 
phosphonlc acid or its derivative and a sterically 
hindered phenol. 

According to an especially preferred aspect of 
15 this invention, there is provided a polyphenylene ether 

resin composition having improved heat stability, compris- 
ing a polyphenylene ether resin matrix and dispersed 
therein, an organic monophosphite or an organic poly- 
phosphite as well as the aforesaid phosphonlc acid or 
20 its derivative and the aforesaid sterically hindered 
phenol. 

The polyphenylene ether resin forming the resin 
matrix in the composition of this invention can be a 
polyphenylene ether homopolymer or copolymer obtained by 
25 polycondenslng at least one mononuclear phenol of the 
formula 

R,, ?* R 



*6 



wherein R^ f Rg and Ry, Independently from 
each other, represent a hydrogen atom or 
30 an alkyl group having 1 to 3 carbon atoms. 
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provided that at least one of and Ry 
is an alkyl group having 1 to 3 carbon 
atoms, 

or a grafted polyphenylene ether obtained by graft- 
5 polymerizing such a polyphenylene ether with a vinyl 
aromatic compound. 

Methods for producing these polyphenylene 
ethers are well known per se . 

Examples of the mononuclear phenols of general 

10 formula (II) include 2,6-dimethylphenol, 2,6-diethylphenol, 
2,6-dipropylphenol, 2-me thyl-6-ethylphenol , 2-methyl-6- 
propylphenol, 2-ethyl-6-propylphenol, m-cresol, 2,3- 
dimethylphenol, 2,3-diethylphenol, 2,3-dipropylphenol, 
2-methyl-3-ethylphenol, 2-methyl-3-propylphenol , 2-ethyl- 

15 3-methylphenol, 2-ethyl-3-propylphenol , 2-propyl-3- 

methylphenol, 2-propyl-3-ethylphenol, 2 , 3 , 6-trimethyl- 
phenol, 2,3,6-triethylphenol, 2,3,6-tripropylphenol, 
2,6-dimethyl-3-ethylphenol, and 2,6-dimethyl-3-propyl- 
phenol. 

20 Polyphenylene ethers derived from these mono- 

nuclear phenols , therefore, include homopolymers such as 
poly ( 2 f 6-dimethyl-l , 4-phenylene ) ether, poly (2 , 6-diethyl- 
1 , 4-phenylene ) ether , poly ( 2 , 6-dipropyl-l , 4-phenylene ) ether , 
poly ( 2-methyl-6-ethyl-l , 4-phenylene ) ether , poly ( 2-methyl- 

25 6-propyl-l, 4-phenylene) ether, and poly(2-ethyl-6-propyl- 
1,4- phenyl ene) ether; and copolymers such as a 2,6- 
dimethylphenol/2,3,6-trimethylphenol copolymer (which 
denotes a polyphenylene ether copolymer derived from 
2,6-dimethylphenol and 2,3,6-trimethylphenol, and in the 

30 following description, polyphenylene ether copolymers are 
represented in the same manner), a 2,6-dimethylphenol/ 
2,3,6-triethylphenol copolymer, a 2,6-diethylphenol/ 
2,3,6-trimethylphenol copolymer and a 2,6-dipropylphenol/ 
2 , 3 f 6-trimethylphenol copolymer . 

35 The grafted polyphenylene ethers used equally 

to these homopolymers and copolymers in this invention 
are obtained by grafting vinyl aromatic compounds such as 
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styrene , alpha-methylstyrene , vinyltoluene and vinylxylene 
to these homopolymers or copolymers, and include, for 
example, fityrene-grafted poly (2 , 6-dimethyl-l , 4-phenylene )- 
ether, and a styrene-grafted 2 , 6-dimethylphenol/ 2,3,6- 
5 trimethylphenol copolymer. 

Preferably, such grafted polymers have a grafting 
ratio of about 10 to about 50#, especially about 20# to 
about 40#. 

Among these polyphenylene ethers, poly (2,6- 
10 dime thyl-1, 4-phenylene) ether, a 2 ,6-dimethylphenol/2 ,3,6- 
trimethylphenol copolymer, and grafted polyphenylene 
ethers obtained by grafting styrene to such polymers are 
especially preferred for use in this invention. 

The resin matrix in the composition of this 
15 invention may be composed of such a polyphenylene ether 
alone, or a mixture of it with another polymer. The 
other polymer may be a thermoplastic resin or an elastomer. 

The thermoplastic resin as referred to herein 
is a resin containing at least 25# by weight of a recurring 
20 structural unit of the following general formula (III) 



9b 




(hi) 



wherein Rg represents a hydrogen atom or a 
lower alkyl group, Z represents a halogen 
atom or a lower alkyl group, and p is 0 or 
25 a positive integer of 1 to 3, 

in the polymer chain. 

The lower alkyl group for R Q and Z is, for 
example, methyl or ethyl, and examples of the halogen 
atom for Z are chlorine and bromine. 
30 Examples of such a thermoplastic resin are 

polystyrene, a rubber-modified polystyrene (a high- 
impact polystyrene), a styrene /butadiene copolymer, 
a styrene/butadiene/acrylonitrile copolymer, a styrene/ 
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acrylic rubber /acrylonitrile copolymer, a styrene/alpha- 
methyl-styrene copolymer, and a styrene/butadiene block 
copolymer. 

At least one such thermoplastic resin can be 

5 used in combination with the polyphenylene ether. 

The thennoplastic resin may be included in the 
resin matrix in an amount of preferably not more than 
95#, especially preferably not more than 809*. 

The elastomer which may be used in this 

10 invention is an elastomer in the ordinary sense. 

Accordingly, the elastomer in this invention, for example, 
includes polymers having a Young f s modulus at ordinary 
temperature of 10 5 to 10 9 dynes/cm 2 (0.1 to 1020 kg/cm 2 ), 
the Young 1 s modulus being defined at pages 71 to 78 of 

15 A. V. Tobolsky, "Properties and Structures of Polymers" 
(John Wiley & Sons, Inc., I960). 

Examples of such an elastomer include poly- 
butadiene, polyisoprene, a nitrile rubber, an ethylene/ 
propylene copolymer, an ethyl ene/propylene/diene copolymer 

20 (EPEM) , polypentenamer, Thiokol rubbers, polysulfide 

rubbers, an acrylic rubber, a polyurethane rubber, a grafted 
product formed between a butyl rubber and polyethylene, 
polyester elastomers, and block copolymers, such as A-B-A 1 
type block copolymers and A-B'-A* type block copolymers 

25 of dlene compounds and vinyl aromatic compounds. 

In the above A-B-A f type block copolymers and 
A-B'-A* type block copolymers, the terminal blocks A and 
A» are polymer chain blocks of the vinyl aromatic compounds. 
The central block B in the A-B-A' type block copolymers 

30 is a polymer chain block of a conjugated diene, and the 
central block B 1 in the A-B'-A'type block copolymers is 
a block resulting from the hydrogenation of a polymer 
chain block of a conjugated diene. 

In the above description, the diene, diene 

35 compound and conjugated diene are used in the same sense, 

and may, for example, specifically represent 1,3-butadiene, 
2,3-dimethylbutadiene, isoprene, 1, 3-pentadiene or a mixture 



i 
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of these. The vinyl aromatic compound may, for example, 
denote styrene, alpha-methylstyrene , vinyl toluene f vinyl- 
xylene, ethylvinylxylene, vinylnaphthalene , or mixtures 
thereof. 

5 Preferably, the aforesaid A-B-A ' type block 

copolymers or A-B'-A 1 type block copolymers are used as 
the elastomer in this invention. The terminal blocks A 
and A* of these block copolymers preferably have a number 
average molecular weight of about 2,000 to about 100,000, 

10 and the central blocks B and B' preferably have a number 

average molecular weight of about 25,000 to about 1,000,000. 

The elastomer may be included in the resin 
composition of this invention in an amount of preferably 
not more than 20# by weight, especially preferably not 

15 more than 10# by weight, based on the resin matrix. 

In the polyphenylene ether resin composition 
of this invention, the polyphenylene ether may be included 
in an amount of at least 5% by weight, preferably at 
least 15% by weight, based on the resin matrix. 

20 1x1 the polyphenylene ether resin composition of 

this invention, the polyphenylene ether resin matrix com- 
posed of the polyphenylene ether alone or a mixture of 
it with the other polymer contains, dispersed therein, 
a phosphonic acid or its derivative represented by the 

25 following formula (I) 

wherein represents an unsubstituted or 
substituted phenyl or naphthyl group, or 
a linear or branched alkyl group with 1 to 
18 ^carbon atoms, or a group of the following 
formula (a) 

, R 2°^2 x S^OR. 

R 3 0 ^ 4 6h 2 2 ^or 3 



30 
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and R^ are identical or different and 
each represents hydrogen atom a metal, an 
unsubstituted or substituted phenyl group, 
or an alkyl group with 1 to 10 carbon atoms; 
5 and R^ is a divalent hydrocarbon group with 

2 to 10 carbon atoms, 
which serves to improve the heat stability of the poly- 
phenylene ether. 

In formula (I), the substituted phenyl for P^, 
10 Y<2 and P.^ or the naphthyl group for R^ is preferably a 
phenyl or naphthyl group which is substituted with 1 to 
3 of alkyl groups such as a methyl or ethyl group. 
Examples of the unsubstituted or substituted phenyl or 
naphthyl groups are preferably phenyl, 4-methylphenyl , 
15 2-methylphenyl, 4-ethylphenyl , 2 , 4-dimethylphenyl , 3,5- 

dimethylphenyl, 2 , 5-dimethylphenyl , 2 , 4 , 5-trimethylphenyl , 
naphthyl, cc-methylnaphthyl , 0-methylnaphthyl , a-ethyl- 
naphthyl and p-ethylnaphthyl. 

The metal for R^ is preferably an alkali metal 
20 such as sodium or alkaline earth metal such as barium. 

Examples of the alkyl group with 1 to 18 carbon 
atoms for R 1 , including examples of the alkyl group with 

1 to 10 carbon atoms for R 2 and R^, which may be 'linear 
or branched, are preferably methyl, ethyl, "propyl, butyl, 

25 pentyl, hexyl, octyl, nonyl, decyl, s dodecyl, tetradecyl , - 
hexadecyl and octadecyl. 

The divalent hydrocarbon group with 2 to 10 
carbon atoms for R^ is preferably an alkylene group with 

2 to 10 carbon atoms such as ethylene, 1,2-propylene, 

30 1,3-propylene, tetramethylene , pentamethylene, hexamethylene, 
heptamethylene , octamethylene , nonamethylene and deca- 
methylene . 

The phosphonic acids corresponding to general 
formula (I) in which P 2 and R 3 are hydrogen include, for 
35 example, phenyl phosphonic acid, 4-methylphenyl phosphonic 
acid, 2-methylphenyl phosphonic acid, '4-ethylphenyl 
phosphonic acid, 2 , 4-dimethylphenyl phosphonic acid, 
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2,5-dimethylphenyl phosphonic acid, 2,4,5-trimethylphenyl 
phosphonic acid, .2,4, 6-trimethylphenyl phosphonic acid; 
naphthyl-l-phosphonic acid, 8-methylnaphthyl-l-phosphonic 
acid, 8-methylnaphthyl-2-phosphonlc acid, 8-ethylnaphthyl- 
5 1-phosphonic acid; methyl phosphonic acid, ethyl phosphonic 
acid, propyl phosphonic acid, iso-propyl phosphonic acid, 
butyl phosphonic acid, iso-butyl phosphonic acid, amyl 
phosphonic acid, iso-amyl phosphonic acid, n-hexyl 
phosphonic acid, n-heptyl phosphonic acid, n-octyl 

10 phosphonic acid, n-nonyl phosphonic acid, n-decyl phos- 
phonic acid, n-dodecyl phosphonic acid, n-tetradecyl 
phosphonic acid, n-hexadecyl phosphonic acid, n-octadecyl 
phosphonic acid; ethylenediamine tetra (methylene phospho- 
nic acid), 1,2-propylenediamine tetra (methylene phosphonic 

15 acid), 1,3-propylenediamine tetra (methylene phosphonic 
acid), tetramethylenediamine tetra (methylene phosphonic 
acid), pentamethyl enedi amine tetra (methylene phosphonic 
acid), hexamethyl enedi amine tetra (methylene phosphonic 
acid), heptamethylenediamine tetra (methylene phosphonic 

20 acid), octamethylenediamine tetra (methylene phosphonic 
acid), nonamethylenediamine tetra (methylene phosphonic 
acid), decamethylenediamine tetra (methylene phosphonic 
acid). 

Phosphonic acid derivatives (esters) corres- 
25 ponding to general formula (I) in which and/or R ? are 
the unsubstituted or substituted phenyl group or the 
alkyl group can be produced by reacting the aforesaid 
phosphonic acids with corresponding alcohols or phenols. 
Examples of these esters include dimethyl ester, monoethyl 
30 ester, diethyl ester, dibutyl ester, di-n-amyl ester, 
nonophenyl ester, diphenyl ester or di-p-butylphenyl 
ester of phenylphosphonic acid; diethyl ester, diphenyl 
ester or di-p-tolyl ester of 4-methyl-phenyl phosphonic 
acid; dimethylester, diethyl ester, dipropyl ester, 
35 di-iso-propyl. ester, diphenyl ester, di-m-tolyl ester 
or di-p-tolyl ester of methylphosphonic acid; diethyl 
ester or <dibujtyl ester of ethyl phosphanic-racid? 
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diethyl ester or dipropyl ester of propyl phosphonic 
acid; dimethyl ester or dibutyl ester of butyl phosphonic 
acid; di-iso-butyl ester of iso-butyl phosphonic acid; 
diethyl ester or dibutyl ester of amylphosphonic acid; 
5 diethyl ester or diphenyl ester of iso-amyl phosphonic 

acid; diethyl ester or dibutyl ester of n-hexyl phosphonic 
acid; diethyl ester or dibutyl ester of n-heptyl phosphonic 
acid; diethyl ester or dibutyl ester of n-octyl phosphonic 
acid; diethyl ester or dibutyl ester of n-nonyl phosphonic 

10 acid; diethyl ester or dibutyl ester of n-decyl phosphonic 
acid; diethyl ester or dibutyl ester of n-dodecyl phos- 
phonic acid; diethyl ester or dibutyl ester of n-tetra- 
decyl phosphonic acid; dibutyl ester of n-hexadecyl 
phosphonic acid; dibutyl ester of n-octadecyl phosphonic 

15 acid; octamethyl ester of ethyl enediamine tetra (methylene 
phosphonic acid); octamethyl ester of 1,3-propyl enediamine 
tetra (methylene phosphonic acid); octaethylester of 
ethylenediamine tetra (methylene phosphonic acid); 
octamethyl ester of hexamethylenediamine tetra (methylene 

20 phosphonic acid). 

Examples of phosphonic acid derivatives (salts) 
corresponding to general formula (I) in which R 2 and/or 

are a metal such as an alkali metal or an alkaline 
earth metal are self-evident and are preferably sodium or 

25 barium salts of aforesaid phosphonic acids or half- 
esters of phosphonic acids. 

The phosphonic acid or its derivative represented 
by general formula (I) may be included in an amount of 
about 0.01 to about 10 parts by weight, preferably about 

30 0.05 to about 5 parts by weight, especially preferably 
about 0.1 to about 3 parts by weight, per 100 parts by 
weight of the resin matrix. 

PVen when these compounds are used in amounts 
exceeding the above upper limits, the heat stability of 

35 the resulting resin composition is not correspondingly 
improved. Rather, it is frequently deleterious on the 
properties of the resin composition, resulting in lowered 
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heat distortion temperatures, for example. If the amount 
of the stabilizer compound is below the specified limit, 
the heat stability of the resin composition is not improved 
to the expected extent. 
5 The resin composition of this invention shows 

better heat stability by dispersing both the above phos- 
phonic acid or its derivative and at least one sterically 
hindered phenol in the matrix resin. It is believed that 
the better heat stability is due to the synergistic 
10 action of the two kinds of stabilizer compounds. 

Examples of sterically hindered phenols which 
can be effectively used in this invention include mono- 
hydric phenols such as 2 , 6-dl-tert . -butyl -p-creso 1 , 2- 
tert.-butyl-4-methoxyphenol, 2,4-dinonylphenol, octadecyl- 
15 3- ( 3 , 5-di-tert . -butyl-4-hydroxyphenyl propionate , diethyl 
3 , 5-di-tert . -butyl-4-hydroxybenzylphosphonate , and 2- ( 3 • , 
5 ' -di-tert . -butyl-4 % -hydroxyani lino ) -4 , 6-dioctylthio- 
1,3,5-triazine; dihydric phenols such as 2,2' -methyl ene- 
bis (4-methyl-6-tert . -butylphenol ) , 2 , 2 1 -methyl enebis (4- 
20 ethyl-6-tert . -butylphenol ) , butylidenebis (methyl-butyl- 
phenol), 4,4 T -thiobis(6-tert.-butyl-3-methylphenol), 1,1- 
bis (4-hydroxyphenyl)cyclohexane , 1 ,6-hexanediol-bis-3- 
(3, 5-di-tert. -butyl-4-hydroxyphenyl)propionate, 2,2 I - 
thiodi ethyl-bis( 3 , 5-ditert . -butyl-4-hydroxyphenyl ) 
25 propionate) and N.N'-hexamethylenebis (3, 5-di-tert. -butyl- 
4-hydroxyhydrocinnamide); trihydric phenols such as 1,3,5- 
tris (4-tert . -butyl- 3-hydr oxy-2 , 6-dimethylbenzyl) iso- 
cyanuric acid ,2,4, 6-tris- (3 ' , 5 1 -di-tert . -butyl-4 • - 
hydroxybenzyl)-l,3,5-triazine, e triester of 3, 5-di-tert. - 
30 butyl-4-hydroxyhydrocinnamic acid with l,3,3-tris(2- 
hydroxyethyl-S-triazine-2,4,6-(lH,3H,5H)trione) and 
1,1, 3-tris (2 « -methyl-4 • -hydroxy-5 • -tert . -butylphenyl ) 
butane; and tetrahydric phenols, such as pentaerythrityl- 
tetrakisC 3- (3 , 5-di-tert . -butyl-4-hydroxyphenyl propionate) . 
35 The sterically hindered phenol may be included 

in the resin composition of this invention in an amount 
of about 0.05 to about 10 parts by weight, preferably 
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about 0.1 to about 5 parts by weight, especially preferably 
about 0.5 to about 3 parts by weight, per 100 parts by 
weight of the matrix resin. 

The resin composition of this invention shows 
5 much better heat stability by dispersing an organic mono- 
phosphite or organic polyphosphite as well as the phos- 
phonous acid or its ester and the sterically hindered 
phenol in the resin matrix. 

Examples of effective organic phosphotes for 

10 use in this invention include organic monophosphites such 
as triphenyl phosphite, tricresyl phosphite, triisooctyl 
phosphite, tridecyl phosphite, tri-2-ethylhexyl phosphite, 
trioctadecyl phosphite, tri(octylphenyl)phosphite, tri- 
(nonylphenyl)phosphite, tridodecylthio phosphite, phenyl- 

15 diethyl phosphite, phenyl-di(2-ethylhexyl)phosphite, 

isooctyldiphenyl phosphite, diisooctylmonophenyl phosphite 
and di ( 2-e thylhexyl )mono ( isooctylphenyl )phosphi te ; and 
organic polyphosphites such as a phosphite resin of 
hydrogenated bisphenol A. Among these organic phosphites, 

20 the organic polyphosphites are preferred. An organic 

monophosphate may be used in combination with an organic 
polyphosphite. 

The organic phosphite may be included into the 
resin composition of this invention in an amount of about 

25 0.05 to about 10 parts by weight, preferably about 0.1 to 
about 5 parts by weight, especially preferably about 0.5 
to about 3 parts by weight, per 100 parts by weight of the 
resin forming the matrix. 

The resin composition of this invention may 

30 further contain various additives depending upon the 
intended uses. Examples of the additives include 
lubricants, such as olefin waxes typified by polyethylene 
wax and polypropylene wax; phosphate- type fire retardants 
typified by triphenyl phosphate or tricresyl phosphate; 

35 bromine-type fire retardants typified by decabromobiphenyl 
pentabromotoluene or decabromobiphenyl ether; pigments 
typified by titanium dioxide or zinc oxide; inorganic 
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fillers typified by glass fibers, asbestos, wollastonite , 
mica or talc; and organic fillers typified by carbon 
fibers. The amounts of these additives vary depending 
upon their types, but should be within the ranges which 
5 do not degrade the heat stability of the resin composition 
of this invention. 

The- resin composition of this invention can be 
easily produced by melt-mixing methods known with regard 
to thermoplastic resins. For example, it can be prepared 

10 conveniently by a method which comprises mixing the poly- 
phenylene ether or a mixture of it with another polymer 
such as a thermoplastic resin or elastomer, with prede- 
termined amounts of the phosphonous acid or its ester, 
and optionally the sterically hindered phenol and optional- 

15 ly the organic phosphite in a mixer, then kneading the 
mixture fully in a melt-extruder, and pelletizing the 
resulting homogeneous molten mixture * 

The following Examples and Comparative Examples 
illustrate the resin composition of this invention more 

20 specifically. Unless otherwise specified, all parts and 
percentages in these examples are by weight. 
Exam-nlP 1 and Comparative l*ran pl e 1 

Sixty (60) parts of a 2,6-dimethylphenol/2,3,6- 
trimethylphenol copolymer (2,3»6-trimethylphenol 5 mole%) 

25 having an intrinsic viscosity, measured at 25°C using 

chloroform as a solvent, of 0.52 dl/g, 37 parts of high- 
impact polystyrene (the polystyrene matrix having an 
intrinsic viscosity, measured at 25°C using chloroform 
as a solvent, of 0.89 dl/g; gel content analyzed by 

30 using a mixture of methyl ethylketone and acetone as a 
solvent of 12. 9# by weight), 2 parts of a polystyrene/ 
polybutadiene/polystyrene block copolymer (the weight 
ratio of the polystyrene blocks to the polybutadiene 
block 30:70; the viscosity of a 20# toluene solution of 

35 the copolymer measured at 25°C using a Brookfield model 
RVT viscometer, of 1500 cps), 1 part of an ethylene/ 
propylene copolymer (having a reduced specific viscosity, 
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measured at 135°C in a concentration of 0.1 g/100 ml 
using decalin as a solvent, of 2.0 and a glass transi- 
tion point of -49°C) f 5.8 parts of triphenyl phosphate, 
7 parts of titanium dioxide and 1.0 part of phenylphos- 
5 phonic acid (CgH 5 P(0H) 2 ) were fully mixed in a Henschel 

0' 

mixer. The resulting mixture was pelletized by a twin- 
screw extruder (AS- 30, a product of Nakatani Kikai 
Seisakusho) in which the maximum temperature of the 
cylinder was set at 290°C. A test specimen, 1/8 inch 

10 thick, for measurement of Izod impact strength was 

molded from the resulting pellets under an injection 
pressure of 1050 kg/cm using an injection molding machine 
(SJ-35B, a product of Meiki Seisakusho). The test 
specimen was aged in hot air at 115°C for 10 days. 

15 Its Izod impact strength was measured before and after 
the aging. The results are tabulated below. 

For comparison, the above procedure was repeated 
except that the phenylphosphonic acid was not used. The 
Izod impact strength of the test specimen not containing 

20 the phosphonic acid was measured and the results are also 

tabulated below (Comparative Example 1). 

Izod impact strength 
(notched, kg-cm/cm) 

Before aging After aging 

Example 1 24.5 17.6 (7290 

Comparative 

Example 1 19.6 11.4 (58%) 

In the above and subsequent tables, the 
parenthesised figures show the percent retention calcu* 
25 lated as follows: 

Izod impact strength 

Retention (X) - fflfi^f sta . sneto * "° 

before aging 

The above t.ible clearly shows that the use oJ 
phenylphosphonic ncid improved tbe Izod impact strength 
of the molded product after the aging. 
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Example 2 

The procedure of Example 1 was repeated except 
that 1.0 part of diethyl phenylphosphonate ((CgHjjHOC^^^ 

0 

was used instead of 1.0 part of phenylphosphonic acid. 

5 The test specimen was examined for Izod impact strength 

in the same way as in Example 1. 

The results of Example 2 are tabulated below 

together with the result of Comparative Example 1. 

Izod impact strength 
(notched, kg-cm/cm) 

Before aging After aging 

Example 2 24.4 19.2 (7990 

Comparative 

Example 1 19.6 11.4 (58^) 

10 Example 3 

The pellets produced in Example 2 were left to 
stand for 20 minutes in the molten state in the cylinder 
of an injection molding machine (SJ-35B) in which the 
maximum temperature of the cylinder was set at 280°C t 
15 and thereafter injection-molded to prepare test specimens 
for measurement of Izod impact strength. The results 
are tabulated below together with the data obtained in 
Example 2. 

Izod impact strength 
(notched, kg-cm/cm) 

Method of After 20 minute 
Example 1 standing 

Example 3 24.4 20.3 (83?0 

20 It is seen from the above table that the resin 

composition of this invention shows a high retention of 
Izod impact strength even after it has been subjected to 
a heat history at high temperature . 
Example 4 and Comparative Example 2 

25 procedure of Example 1 t*as repeated except 

that 0.4 part of phenyl phosphonic acid and 0.6 part of 



46-855400322=ASTRA AB 



46-8 4426118=PRV InterPa 25-07-97 13-04 001-077 



0038183 

- 17 - 

2,2 f -methyleas bis(4-methyl-6-tert-butylphenol) were 

used instead of 1.0 part of phenylphosphonic acid. The 

test specimen was examined for Izod impact strength in 

the same way as in Example 1. 

5 For comparison, the results of Comparative 

Example 2 wherein only 1 part of . 2, 2* -methylene bis(4- 

methyl-6-tert-butylphenol) was used are tabulated below 

together with the results of Example 4. 

Izod impact strength 
(notched, kg-cm/cm) 

Before aging After aging 

Example 4 23.9 17.9 (7590 

Comparative 

Example 2 19.3 10.6 (5590 

10 Example 5 and Comparative Example 3 

The procedure in Example 3 was repeated except 
that 0.4 part of diethyl phenylphosphonate and 0.6 part 
of 2, 2 f -methylene bis(4-methyl-6-tert-butylphenol) were 
used instead of 1.0 part of diethyl phenylphosphonate. 

15 The test specimen was examined for Izod impact strength 
in the same way in Example 3. 

For comparison, the results of Comparative 
Example 3 wherein only 1 part of 2,2 1 -methylene bis (4- 
methyl-6-tert-butylphenol) was used are tabulated below 

20 together with the results of Example 5. 

Izod impact strength 
(notched, kg-cm/cm) 

Method of After 20 minute 
Example 1 standing 

Example 5 23.7 20.7 (8790 

Compara tive 

Example 3 19.3 14.6 (76?0 

Example 6 and Comparative Example 4 

39 Parts of pol/(2 f 6-di:nethyl-l > 4-phenylene) 
ether having en ircri**sic viscosity, measured at 25°C in 
25 chloroform , of 0.L.-4 d./g 9 59 parxs of the same high-impact 
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polystyrene as used in Example 1, 2 parts of the same 
polystyrene/polybutadiene/polystyrene block copolymer as 
used in Example 1, 10.5 parts of triphenyl phosphate, 7 
parts of titanium dioxide, 1 part of n-octyl phosphonic 
5 acid were fully mixed in a Henschel mixer. The mixture 
was pelletized by a twin-screw extruder (AS-30) in which 
the maximum temperature of the cylinders was set at 290°C. 
The pellets were injection-molded under an injection 
pressure of 1050 kg/ cm* using an injection molding machine 

10 (SJ-35B) to prepare a test specimen, 1/8 inch thick, for 
measurement of Izod impact strength. The resulting test 
specimen was aged in hot air at 85°C for 20 days, , and 
its Izod impact strength was measured before and after 
the aging. The results are tabulated below. 

15 For comparison, the above procedure was 

repeated except that the n-octylphosphonic acid was not 
used. The results are also tabulated below (Comparative 
Example 4). 

Izod impact strength 
(notched: kg-cm/cm) 

Before aging After aging 

Example 6 11.4 9.7 (85%) 

Comparative 

Example 4 10.2 7.6 (7590 

20 Example 7 and Comparative Example 5 

85 Parts of the same 2 t 6-dimethylphenol/2,3,6- 
trimethylphenol copolymer as used in Example 1, 15 parts 
of the same high-impact polystyrene as used in Example 1, 
5 parts of titanium dioxide, 0.2 part of diphenyl 4- 

25 methylphenylphosphonate and 1.8 parts of 2,6-di-tert- 
butyl-p-cresol were fully mixed in a Henschel mixer. 
The resulting mixture was pelletized by a twin-screw 
extruder (AS-30) in which the maximum temperature of the 
cylinders was set at 300°C. The pellets were injection-. 

30 molded under an injection pressure of 1320 kg/cm 2 by an 
injection molding machine (SJ-35B) in which the maximum 
temperature of the cylinder was set at 320°C. to prepare 
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a test specimen, 1/3 inch thick, for measurement of Izod 
impact strength. The test specimen was aged in hot air 
at 120°C for 100 hours. The Izod impact strengths of the 
specimen was measured before and after the aging, and the 
5 results are tabulated below. 

For comparison, the above procedure was repeated 
except that the stabilizer compounds were not added. The 
results are also shown in the following table (Comparative 
Example 5). 

Izod impact strength 
(notched , kg-cm/cm) 

Before aging After aging 

10 Example 7 8.5 7.2 (8590 

Comparative 

Example 5 8.8 5.3 (6O9Q 

Examples 8 to 10 and Comparative Example 6 

Ten parts of the same 2,6-dimethylphenol/2,3»6- 
trimothylphenol copolymer used as in Example 1 was added 
to a solution of 0.1 part of diethyl phenylphosphonate in 

15 a suitable amount of acetone. The mixture was slurried 

by agitation. It was dried in the air overnight and then 
further dried at 40°C under reduced pressure for 8 hours 
(Example 8). The above procedure was repeated except 
that the amount of the diethyl phenylphosphonate was 

20 changed to 0.2 part (Example 9) and 0.4 part (Example 10). 

1.5 Parts of each of the powdery mixtures was 
molded into cylindrical specimens under pressure. The 
test specimens were set in a heater of a Koka-type flow 
tester (a product of Shimadzu Seisakusho) maintained at 

25 280°C, and allowed to stand for 60 minutes under a 

pressure of 30 kg/ cm 2 . Sixty minutes later, the heater 
was fully cooled, and the Hunter's whitenesses of the 
cylindrical specimens were measured by a color difference 
meter (Color Studio CS-K5F, a product of Nippon Denshoku 

30 Kogyo K.K.). The results were tabulated below. 

For comparison, test specimens were prepared in 
accordance with the procedure under the same conditions 
as above except that diethyl phenylphosphonate was not 
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added. The results are shown in the following table 
(Comparative Example 6). 

Hunter's whiteness 



Example 8 20.0 

Example 9 21.2 

Example 10 21.3 
Comparative 

Example 6 14.9 



The results in the above table show that the 
5 diphosphonite is effective for inhibiting coloration of 
the polyphenylene ether resin under heat. 
Example 11 and Comparative Example 7 

An autoclave was charged with 100 parts of 
ethylbenzene and 165 parts of poly(2 f 6-dimethyl-l f 4- 

10 phenyl ene) ether having an intrinsic viscosity, measured 
at 25°C in chloroform, of 0.55 dl/g, and they were heated 
to 125°C with stirring to. form a solution. Then, 7 
parts of di-tert. -butyl peroxide and 65 parts of styrene 
were added to the solution and reacted at 165°C for 2 

15 hours. The reaction mixture was withdrawn, and dried at 
215°C under reduced pressure for 2 hours to remove 
ethylbenzene and the unreacted styrene to afford styrene- 
grafted poly(2,6-dimethyl-l,4-phenylene)ether. The grafted 
copolymer had a polystyrene content of about 25#. 

20 The procedure in Example 8 was repeated except 

that 10 parts of the grafted copolymer and ethanol were 
used instead of 10 parts of 2,6-dimethylphenol/2,3,6- 
trimethylphenol copolymer and acetone. The resulting 
cylindrical specimens were examined for Hunter's whiteness. 

25 The results are tabulated below. 

For comparison, the result from a cylindrical 
specimen prepared from the grafted copolymer is also 
tabulated below. 

Hunter's whiteness 
Example 11 15.7 
Comparative 

Example 7 13.8 
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Example 12 a nd Comparative Example 8 

The procedure in Example 1 was repeated except 
that 1 part of 1 , 2-propylenediamine tetra (methylene 
phosphonic acid) was used instead of 1.0 part of phenyl - 
5 phosphonic acid. The test specimen was examined for 
Tensile impact strength. 

For comparison, the results of Comparative 
Example 8 wherein 1, 2-propylenediamine tetra (methylene 
phosphonic acid) was not used are also tabulated below. 
10 Tensile impact strength 



Tensile imp« 
(k^/cm/cm^J 



Before aging After aging 

Example 12 140 111 (7990 
Comparative 

Example 8 178 71 (40?0 

In the above and subsequent tables, the 
parenthesized figures show the percent retention calcu- 
lated as follows: 

Tensile impact strength 

Retention (« = gnsllg^act 8tre ngth x 100 

before aging 

15 The above table clearly shows that the use of 

1, 2-propylenediamine tetra (methylene phosphonic acid) 
improved the tensile impact strength of the molded 
product after the aging. 
Example 13 

20 The procedure in Fxample 12 was repeated 

except that 0.4 part of 1, 2-propylenediamine tetra- 
(methylene phosphonic acid) and 0.6 part of 2,2 T - 
methylene bis(4-methyl-6-tert-butylphenol) were used 
instead of 1 part of 1, 2-propylenediamine tetra (methylene 

25 phosphonic acid). The results of Example 13 are 
tabulated below. 

Tensile impact strength 
(kg. cm/cm 2 ) 

Before aging After aging 

Example 13 173 116 (6790 
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Example 14 and Comparative Example 9 

The forepart of the procedure In Example 6 was 
repeated except that 1 part of hexamethylenediamine 
tetra (methylene phosphonic acid) was used instead of 1 
5 part of n-octyl phosphonic acid. 

The resulting pellets were injection-molded 
under an injection pressure of 1050 kg/cm 2 using an 
injection molding machine (SJ-35B) in which the maximum 
temperature of the cylinders was set at 290°C to prepare 
a test specimen, 1/16 inch thick, S-type, for measurement 
of tensile impact strength. 

The resulting test specimen was aged in hot air 
at 85°C for 20 days, and Tensile impact strength was 
measured before and after the aging. The results are 
tabulated below. 

For comparison, the above procedure was repeated 
except that the hexamethylenediamine tetra (methylene 
phosphonic acid) was not used, "Hie results are also 
tabulated below * 

Tensile impact strength 
(kg.cm/cmZ) 

Before aging After aging 

Example 14 150 105 (7090 

Comparative 

Example 9 145 70 (4896) 

Example 15 

The procedure in Example 1 was repeated except 
that 2 parts of 1,2-propylenediamine tetra (methylene 
phosphonic acid) was used. The results are tabulated 
below. 

Tensile impact strength 

(kg. cm/cm 2 ) 
Before aging After aging 
Example 15 144 118 (8296) 
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Example 16 and Comparative Example 9 

The forepart of the procedure in Example 1 was 
repeated except that 1 part of di-sodium salt of phenyl- 
phosphonic acid was used instead of 1 part of phenyl- 
5 phosphonic acid. 

A test specimen, 1/16 inch, S-type, for measure- 
ment of tensile impact strength was molded from the 
resulting pellets under an infection pressure of 1050 kg/ 
cm 2 using an injection molding machine (SJ-35B) in which 
10 the maximum temperature of the cylinder was set at 280°C o 
The test specimen was aged in hot air at 115°C for 10 
days. The tensile impact strength was measured before 
and after the aging. The results are tabulated below* 

For comparison, the above procedure was repeated 
15 except that the disodium salt of phenylphosphonic acid 
was not used. The results was also tabulated below. 

Tensile impact strength 
(kg. cm/cm ) 
Before aging After aging 
Example 16 159 102 (6490 

Comparative 

Example 9 178 71 (40#) 

The above table clearly shows that the use of 
di -sodium salt of phenylphosphonic acid improved of the 
20 molded product after the aging. 

Example 17 and Comparative Example 10 

The procedure in Example 16 was repeated 
except that 0.4 part of di-sodium salt of phenylphosphortc 
acid and 0.6 part of 2,2 1 -methylene bis(4-methyl-6- 
25 tert-butylphenol) were used instead of 1 part of di- 
sodium salt of phenylphosphonic acid. The results are 
tabulated below together with the results of Example 16 0 

For comparison, the procedure in Example 16 
was also repeated except that 1 part of 2,2-methylene 
30 bis(4-methyl-6-tert-butylphenol) was used instead of 1 
part of disodium salt of phenylphosphonic acid. The 
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results are also tabulated below. 

The table clearly shows a synergistic effect 
between disodium salt of phenylphosphonlc acid and the 
hindered phenolic compound. 



Example 
No. 


Additives 


Tensile impact strength 
(kg-cm/cm 2 ) 


Before aging 


After aging 


17 


disodium salt of 

phenylphosphonlc acid 

\j « *f part ana 

2,2 1 -methylene bis(4- 

methyl-6-tert- 

butylphenol) 0.6 part 


131 


121 (9296) 


16 


di-s odium salt of 
phenylphosphonlc acid 
1.0 part 


159 


102 (6490 


Compara- 
tive 
Example 
10 


2, 2 '-methylene bis(4- 
methyl-6-tert- 
butylphenol) 1.0 part 


132 


77 (5896) 



Example 18 and Comparative Example 11 

The procedure in Example 14 was repeated except 
that 1 part of barium salt of phenylphosphonlc acid was 
used instead of 1 part of hexamethylenediamine tetra- 
(methylene phosphonic acid). 

The resulting test specimen was aged in hot 
air at 85°C for 20 days, and tensile impact strength 
was measured before and after the aging. The results 
are tabulated below. 

For comparison, the above procedure was 
repeated except that the barium salt of phenylphosphonlc 
acid was not used. The results are also tabulated 
below. 

Tensile impact strength 
(kg. cm/cm 2 ) 



Example 18 

Comparative 
Example 11 



Before aging After ageng 
153 110 (7290 

145 70 (4890 
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Example 19 

The procedure in Example 16 was repeated except 
that 2.0 part of di-sodium salt of phenylphosphonic acid 
was used. The results was tabulated below. 
* Tensile impact strength 

(kg. cm/cm ) 

Before aging After aging 
Example 19 150 102 (6890 

Example 20 and Comparative Example 12 

The procedure in Example 16 was repeated except 
that 0.4 part of di-sodium salt of phenylphosphonic acid 
and 0^6 part of 2-(3' ^'-di-tert-butyl-A'-hydroxyenilino)- 

10 4,6-di-octylthio-l,3,5-triazine ("Irganox 565'^, product 
of Giba Geigy Co.) were used instead of 1.0 part of di- 
sodium salt of phenylphosphonic acid. The results are 
tabulated below. 

For comparison, the procedure in Example IGl 

15 was also repeated except that 1 part of "IrganoxSSS"^ 
was used instead of 1 part of di-sodium salt of phenyl- 
phosphonic acid. The results are also tabulated below 
together with the results of Example 16. 



Example 
No. 


Additive 


Tensile impact strength 
(kg. cm/cm ) 


Before aging 


After aging 


20 


di-sodium salt of 
phenylphosphonic acid 
0.4 part an<fc> 
Irganox 565 
0.6 part 


144 


108 (7590 


16 


di-sodium salt of 
phenylphosphonic acid 
1.0 part 


159 


102 (6490 


Compara- 
tive 
Example 
12 


Irganox 56 zr 


i 

1 140 

i 

i 


82 (5996) 
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CLAIM S 



!• A polypheny lene ether resin composition having 

improved heat stability and comprising a polyphenylene ether 
resin matrix having dispersed therein a phosphorus compound 
as stabilizer, characterised in that the stabilizer is a 
phosphonic acid or a derivative thereof of the formula 



OR 2 



Rt-P. (I) 
0 0R 3 



wherein R^ represents an unsubstituted or substituted phenyl 
or naphthyl group, or a linear or branched alkyl group of 1 
to 18 carbon atoms, or a group of the formula (a) 



0 0 
CH 2 - 

R 2 and are the same or different and each represents 
hydrogen atom, a metal, an unsubstituted or substituted 
•phenyl group, or an alkyl group of 1 to 10 carbon atoms 
and R^ is a divalent hydrocarbon group of 2 to 10 caibon 
atoms . 

2. A composition according to claim 1 which also 
comprises at least one sterically hindered phenol dispersed 
in the polyphenylene ether resin matrix. 

3. A composition according to claim 1 or 2 
which also comprises at least one organic monophosphite 
or polyphosphite dispersed in the polyphenylene ether 
resin matrix. 

m A composition according to claim 1, 2 or 3 wherein 
the polyphenylene ether resin constituting the matrix is a 
polyphenylene ether homopolymer or copolymer obtained by 
polycondensing at least one mononuclear phenol of the formula 
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wherein Rg, R g and R ? , which may be the same 
or different, each represent a hydrogen atom 
or an alkyl group of 1 to 3 carbon atoms, 
provided that at least one or R 5 and Rj is an 
alkyl group of 1 to 3 carbon atoms, 
or a grafted polyphenylene ether obtained by graft- 
copolymerizing said polyphenylene ether with a vinyl 
aromatic compound. 

5. A composition according to claim 4 wherein the 
vinyl aromatic compound is selected from styrene, 
alpha-methylstyrene, vinyl toluene and vinylxylene. 

6. A composition according to claim 1, 2 or 3 
wherein the polyphenylene ether resin constituting the 
matrix is poly(2, 6-dimethy 1-1, 4-phenylene) ether f a 
polyphenylene ether copolymer derived from 2 , 6-dimethyl- 
phenol and 2 , 3 , 6-trimethy lphenol , or a grafted poly- 
phenylene ether obtained by grafting styrene to any 
such polyphenylene ether. 

7. A composition according to any one of the 
preceding claims vAierein the polyphenylene ether resin 
matrix comprises a mixture of a polyphenylene ether with 
another polymer. 

8. A composition according to claim 7 wherein said 
other polymer is a thermoplastic resin containing at least 
25% by weight of a recurring structural unit of the 
formula 



- 27 - 
OH 




(III) 
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-C-CH 2 - 

(II) 

wherein Rg represents a hydrogen atom or a lower 
alkyl group, z represents a halogen atom or a 
lower alkyl group , and p is 0 or an integer of 
1 to 3, 
in thepolymer chain. 

9*. A composition according to claim 7 wherein said 

other polymer is an elastomer having a Young's modulus 

5 9 2 

at ordinary temperature of 10 to 10 dynes/cm . 

10* A composition according to claim 9 wherein the 

elastomer is an elastomeric block copolymer of the type 

A— B— A 1 wherein A and A 1 each represent a polymer chain 

block of a vinyl aromatic compound and B represents a 

polymer chain block of a conjugated diene, or of the type 

A-B'-A 1 wherein A and A 1 are as defined above, and B 1 

represents a hydrogenated polymer chain block of a 

conjugated diene. 

11. A composition according to claim 10 wherein the 
vinyl aromatic compound is selected from styrene, alpha- 
methyls tyrene, vinyl toluene , vinylxylene , ethyl vinylxylene , 
vinylnaphthalene and mixtures of two or more of these. 

12. A composition according to claim 10 or 11 vsherein the 
conjugated diene is selected from 1 , 3-butadiene , 2 , 3-dimethyl- 
butadiene, isoprene, 1, 3-pentadiene and mixtures of two or more 
of these. 

13. . A composition according to any one of claims 7 to 12 
wherein the amount of the polyphenylene ether is at least 
5% by weight of the resin matrix. 

14. A composition according to any one of the preceding 
claims wherein R-, , R 2 or is phenyl substituted with 1 to 
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3 aDcyl groups. 

15. A composition according to any one of claims 1 
to 13 wherein is naphthyl substituted with 1 to 3 
alkyl groups. 

16. A composition according to any one of the 
preceding claims vflierein R 2 or R 3 is an alkali or 
alkaline earth metal. 

17. A composition according to claim 16 vAierein the 
alkali metal is sodium or the alkaline earth metal is 
barium. 

18. A composition according to any one of the preceding 
claims wherein R^ is an alkylene group of 2 to 10 carbon 
atoms . 

19- A composition according to any one of the 

preceding claims wherein the amount of the phosphonic acid 
or derivative is 0.01 to 10 parts by weight per 100 parts 
by weight of the polyphenylene ether resin matrix. 

20. A composition according to claim 2 wherein the 
amount of the sterically hindered phenol is 0.05 to 10 
parts by weight per 100 parts by weight of the polyphenylene 
ether resin matrix. 

21. A composition according to claim 3 wherein the amount 
of theorganic monophosphite and/or organic polyphosphite 

is 0.05 to 10 parts by weight per 100 parts by weight of 
the polyphenylene ether resin matrix. 

22. A shaped article of a resin composition as claimed 
in any one of the preceding claims. 
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Complete Amino Acid Sequence of Human Parathyroid Hormone* 

Henry T. Keutmann,* Mary M. Sauer. Geoff N. Hcndy, Jeffrey L. H. O'Riordan. and John T. Polls. Jr. 



abstract: Structural analysis of human parathyroid hor- 
mone has been hindered by the scarce supplies of available 
starting material, tissue pooled during surgery for hyper- 
parathyroidism. Using successive lots of hormone extracted 
and purified from this source, we have completed the amino 
acid sequence of the 84-residuc molecule by means of Edman 
degradation of tryptic peptides and their subfragments. The 
technique of biosynthetic labeling with specific radioactive 
amino adds was extensively used to complement the analyses 
of extracted hormone. The human parathyroid hormone 
molecule differs at 1 1 sequence positions from the bovine and 
from the porcine hormones. The carboxyl terminus, while 
highly conserved overall, contains changes at positions 79 and 



83 which may be sufficient to effect observed alterations in 
immunological cross-reactivity with antibovinc anliscru di- 
rected toward this region. The moat marked sequence differ- 
ences occur through the middle portion of the molecule, where 
six of the eight residue in the segment 40-47 differ from cither 
or both of the other species. Proline residues are especially 
abundant in this region of the human hormone. These changes 
could confer significant conformational differences to the 
human molecule which would be expected to further influence 
immunorcaciivity and perhaps also the nature of enzymatic 
cleavages occurring during in vivo metabolic degradation of 
the hormone. 



TThc complete sequences of parathyroid hormone from two 
species, bovine (Brewer and Ronan, 1970; Niall et al.. 1970) 
and porcine (Sauer et al„ 1974), have been established using 
hormone obtained from glands available as a byproduct of 
meat processing* but progress in the structural analysis of the 
human hormone has been restricted by the need to accumulate 
human tissue gradually during surgery in patients with hy- 
perparathyroidism. 

Several years ago, the sequence of the biologically active 
amino- terminal one-third of the molecule was reported by 
Brewer and co-workers (1972) and by ourselves (Niall ct al., 
1974). The sequence of this region was determined first be- 
cause of its accessibility to automated Edman degradation. 
There were, however, discrepancies between the two proposals 
involving residues 22, 28, and 30; reexamination of the 
amlno-terminal region by the respective laboratories has so far 
failed to reconcile these differences (Brewer et aL, 1975; 
Keutmann et al., 1975). Nevertheless, a variety of physiological 
and immunological studies have ensued using synthetic pep- 
tides comprising the active region (Tregear ct al. v 1974). 

There has been a clear need for structural information 
concerning the remainder of the molecule, in light of the nu- 
merous ongoing investigations concerning structure-function 
relations (Rosenblatt ct aL, 1976), conformation < Fiskin et al.. 
1977), peripheral metabolism (Segre et aL 1977), and ra- 
dioimmunoassay of the hormone in blood for physiological and 
clinical studies, since there is extensive evidence that the pre- 
dominant circulating form of hormone is a carboxyl-terminal 
fragment (set Ha bene r and Potts (1976) for a review). 

We, therefore, prepared successive lots of purified human 
parathyroid hormone (hPTH) 1 as sufficient quantities of ad- 
enoma tissue were accumulated. In the course of this, we were 



f From the Endocrine Unit, Department of Medicine, Maiuchuictu 
General Hospital, Bo»Um, Maasachu»cita 021 14, and the Department of 
Medicine. Middlesex Hospital, London WIN 8AA, England. RectUtd 
August 22. 1979. Supported by Grants AM 1 1 794 and AM 04501 from 
(he National institute* of Health and by a grant to J. U H.O'Rfordan from 
the Medical Research Council of Great Britain. A preliminary account 
of this work waa presented al the 60th Annual Meeting of if* United Slates 
Endocrine Socieiy, Miami. Fla., June 14-16, 1978. 



able to further define conditions for isolation and to obtain 
definitive compositional analysis of the molecule ( Kcu tmann 
et al., 1978). These preparations were then employed in 
structural analysis of the middle and carboxyl-terminal regions, 
in conjunction with microsequencing techniques utilizing 
hormone biosynthelically labeled with radioactive amino 
acids. 

As a result of these combined analytical approaches, the 
sequence of the entire 84-residue molecule has been completed. 
This report provides a detailed description of these structural 
studies as well as an assessment of how sequence differences 
from (he animal hormones might influence the comparative 
" physiological and immunological properties of human para- 
thyroid hormone. 

Materials and Methods 

Hormone Preparations. Successive lots of human para- 
thyroid hormone were extracted from pooled adenomatous and 
hyperplastic tissue by means of phenol, processed into a tri- 
chloroacetic acid precipitate, and purified by gel filtration on 
Bio-Gel P-I00 and ion-exchange chromatography on car- 
boxymethytceHulnsc. Details of these procedures have been 
published previously (Keutmann et al., 1974, 1978). 

Biosynthetic Labeling. Human parathyroid adenoma tissue, 
freshly obtained from surgery, was sliced and incubated wiih 
the appropriate radioactive amino acids in Earl's balanced sail 
solution (Gibco) as previously described (Keutmann ct al.. 
1975). Labeled amino acids, obtained from New England 
Nuclear (Ala, Pro, Gin, Lys, Leu, and Thr) or Amcrshanv 
Searle (Phe) were used in quantities of 25 jiCi/mL of medium 
for M C and 150/iCi/mL for 3 H. The remaining, unlabeled 
amino acids were added to a concentration of 5 X 10" 4 M. The 
tissue was extracted with 8 M urca/0.2 N HQ, combined with 
the medium, and precipitated with CljAcOH as described by 
Kemper et al. (1972). The pooled CljAcOH preparations from 
multiple incubations with a given set of amino acids were 



1 Abbreviation* u*ed: hPTM, human parathyroid hormone: To*- 
PhcCH|CI. (Maft)-|jmido-2-phcnyl)cthyl chloromcihyl ketone; Tl.(\ 
thin-layer chromatography; TLE, thin-layer elect ruphurcsis: CljAeOlt. 
trichloroacetic acid. 
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further purified by gel filtration and ion-exchangc chroma- 
tography (Keutmann et al.. 1975) in the presence of bovine 
parathyroid hormone as carrier. 

Enzymatic Cleavage Procedures. Tos-PheCH 2 Ct-trypsin 
and chyrnotrypsin were each obtained from Worlhingion. and 
thcrmolysin was obtained from Calbiochem. In each case, the 
digestions were carried out at an enzyme/substrate ratio of 
1:100 (M/M) in 0.1 M ammonium bicarbonate buffer (pH 
8.7), for I h al 37 °C. Staphylococcal protease (Miles Labo- 
ratories) was used at a molar ratio ar 1 :50 in the same buffer 
at 37 °C for a 22-h lime period. 

t- Amino Group of Lysine Blockade. Lysine residues were 
blocked in order to limit Iryplic cleavage to arginine residues. 
Parathyroid hormone was treated with a 40-fold molar excess 
or maleic anhydride for 20 min al pH 9.0. 20 *C (KIot7, 1967). 
and separated from the reagents by gel filtration on Scphadex 
G-25. 

To rcexposc lysines for further Cryptic digestion, maleoyl 
groups were removed by treatment with 0.1 N formic acid for 
45 min at 80 °C. 

Edman Degradation. All degradations were done by the 
three-stage manual Edman procedure (Edman. I960: Niall 
and Potts, 1970). Radioactive phenyl {"Slisothiocyanaie 
(Amersham*Sear!e) was used as a coupling reagent for in- 
creased sensitivity (Jacobs and Niall, 1975). Phcnylthiohy- 
dantoins were identified by thin-layer chromatography 
(Edman and Begg, 1967) (followed by autoradiography) or 
by gas chromatography (Pisano and Bronzert, 1969). Yields 
of phenylthiohydantoins at successive cycles were quantified 
cither from the gas chroma tographs or. in the case or radio- 
active derivatives identified by TLC. by counting after scraping 
from the thin-layer plate. 

Edman degradations of biosynthctically labeled peptides 
were done under the same conditions, except for the use or 
unlabeled phenyl isothiocyanatc. AHquots of the ethyl acetate 
phase containing the radioactive phenyllhtohydantoin were 
counted for *H and U C activity by scintillation counting. 
Whenever possible, the identification of the radioactive phe- 
nyllhiohydantoin was confirmed by counting after thin-layer 
chromatography. 

Amino Acid Analysis of Peptide Fragments. Acid hydrol- 
ysis was carried out in 5.7 N HCIat 110 0 C for 24 h in vacuo 
in the presence of 1:2000 (v/v) mercaptoethanol. Analyses 
were performed using the Beclcman Model 121 MB automatic 
analyzer. Amino acids were normalized by best fit based upon 
recovery or all stable residues. 

To establish the carboxyl- terminal residue surviving after 
Edman degradation carried to the penultimate residue or a 
fragment, the final reaction mixture was dissolved in analyzer 
burrer and applied directly to the column without hydrolv- 
sis. 

Column Procedures. Column chromatography employed 
Scphadex (Pharmacia) or Bio-Gel (Bio-Rad) resins elutcd with 
ammonium acetate buffer (0.14 M, pH 5.0). Ammonium bi- 
carbonate burTer (0.1 M, pH 8.7) was used for elution or 
malcoylatcd peptides. All columns were 0.9 X 70 cm in size, 
run at 20 °C. Specific column chromatographic separations 
are described rurlher under Results. Column elution was 
monitored by optical density at 206 arid 280 nm by use of the 
LKB "Uvicord" Model 2089 continuous monitor. Biosyn- 
thelically labeled preparations were also monitored by scin- 
tillation counting of aliquots (usually 25 mL) from successive 
eluate tubes. 

Thin-Layer Techniques. Thin-layer chromatography (TLC) 
was done in the solvent systen, bulanol-watcr-pyridinc-acclic 
acid (150:120:30:30) using Merck I00- M m gloss-backed cel- 
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FWURe I: Sequence analysis of I he 53-84 fragment (peptide MT-5) of 
hPTH. Peptide subfrajtmems employed in the analyiis *rc designated 
beneath ihe sequence by the following code: MT. mateoylated iryplic; T, 
iryptic (after removal of maleoyl group* from lyiincs); Staphylococcal 
protease; CT f chymotrypjic. Arrows denote residues idemined by manual 
Edman degradation. 

lulose plates, with 20-30 of sample applied to the plates for 
analytical runs. For preparative scale chromatography. 100 
Mg of sample was striped along 1 .5 cm orihe origin, with guide 
spots at either side for identification. 

Thin-layer electrophoresis (TLE) was done using the same 
plates in a buITcr system butanol-pyridinc-water (1:30:270), 
pH 6.5. Plates were run for 40 min at 4 °C, 600 V. M mA. 
using the Camag electrode system. All plates were stained with 
ninhydrin. 

Synthesis of Fragment 38-44. The fragment (38-44) used 
in enzymatic cleavage studies was prepared by the solid-phase 
technique (Merrifield, 1 967) as described in detail by Trcgcar 
et al. (1974). The peptide was purified by gel filtration on 
Bio-Gel P-2 in 1 N acetic acid and adsorption chromatography 
on a column of Merck silica gel 60 using the same buffer sys- 
tem as that employed for TLC (above). 

Results 

In undertaking the structural analysis, knowledge of the 
tactics useful in sequence analysis of the homologous bovine 
and porcine hormones suggested that the human hormone was 
most readily analysed by separate regions: the amino terminus, 
previously completed by automated Edman degradation of the 
intact hormone; the carboxyl terminus, comprising residues 
53-84; and the middle region, commencing in the vicinity of 
residue 35 (end point of the earlier amino- terminal analyses) 
and extending through residue 52- The carboxyl-terminal and 
middle regions coincided with the pattern of cleavage obtained 
from tryptic cleavage of maleic-blocked hormone. This had 
been shown earlier (Kcutmann et aU 1975, 1978) to take place 
at arginine residues positioned identically to the bovine and 
porcine hormones. 

Multiple peptide subfragmenls were isolated, analyzed for 
composition, and degraded by the Edman technique as ex- 
tensively as possible to provide sequence overlap, Biosynthetic 
labeling was used to permit high-sensitivity microscquencing 
of peptide fragments, especially in difficult regions of sequence 
analysis. Mixture degradations— analyses of several peptides 
simultaneously without separation of component fragments 
(Gray, 1 968)— were done as a confirmation of most sequence 
positions. The combined results are presented first for Ihe 
carboxyl and then the middle region of the molecule. 

The Carboxyl Terminus (53-84). Residues 53-69. The 
overall strategy for analysis of the carboxyl-terminal region 
is outlined in Figure I. It was based on the fragment 53-84 
prepared by tryptic digestion of malcoylatcd hPTH and sep- 
arated by gel filtration on a column of Scphadex G-50 ( Figure 
2). The fragment prepared from 1 .5 mg ( 1 50 nmql) of hPTH 
was degraded for 1 7 cycles, through residue 69. by the manual 
Edman procedure. Location of histidine at position 63 had been 
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TUBE NUMBER (Im! Froctions) 
FIGURE 2: Scpbadcx G50 gel nitration of a tryptic digest of human 
parathyroid hormone after ma I tic blockade of lysine residues. Cleavage 

^ ua J T l pw,,Uw 20 ' w « ^ • nd 52 Produced fragments 
> J-84 (A), I -20and 26-44 (cociuling as B), 45-52 fC). and 2 1 -25 (O). 
Fraction slic was I -mL. Arrows denote void and ult volumes or column 
respectively. 



separately identified in other studies (Segre el al.. 1977) using 
automated degradation of the peptide isolated after labeling 
with radioiodine. 

Residues 70-75. The sequence was continued toward the 
carboxyl terminus by use of peptides prepared by tryptic 
subdigestion of another preparation of the 53-84 fragment, 
after recxposure of lysine residues by treatment with 0.1 N 
formic acid. Thin-layer chromatography of the tryptic digest 
(Figure 3) showed three components. After elution from a 
preparative-scale plate, the following compositional analyses 
were obtained: component A: Asp,. Sen, Gluj. Valj, Leu,. 
Hisi, Lys 3 ; component B: Ser, Glu, Ala. Lys; component C: 
Aspj, Thru Sen, Glu,, Gly,, Ala 2 , Val 2 , Leu 2i Lys 2 . When the 
preparation was subjected to electrophoresis following chro- 
matography, component B resolved into two peptides: Ala, Lys 
and Ser, Glu. This indicated a total of four tryptic peptides 
from the human 33-84 fragment, compared with three from 
the bovine. Based upon the compositions and the results of the 
initial Edman degradation (above), these were identified as 
residues 53-65 (T-1, Figure I). 66-80 (T-2) ( 81-82 (T-3), and 
83-84 (T-4). The tryptic fragments were separated by gel 
filtration on Scphadcx G-25, and T-l (53-65) was subjected 
to six cycles of degradation (Figure I ) in order to confirm the 
sequence of residues 53-58 established by degradation of the 
intact 53-84 peptide. Peptide T-2 (66 -80) was degraded for 
ten cycles, extending the sequence through residue 75 (Figure 

Residues 79-84. Analysis of the extreme carboxyl terminus 
was done next, using products of chymotryptic digestion of 50 
nmol of maleoylatcd 53-84 peptide. Only a single cleavage, 
between residues 78 and 79, was obtained under the relatively 
mild digestion conditions employed. The carboxyl-terminal 
hexapeptide 79-84 was separated from the longer fragment 
3^-78 by Scphadcx G-25 gel filtration and found by compo- 
sition to contain two residues of lysine and one each of threo- 
nine, serine, alanine, and glutamic acid (or glutamine). The 
sequence Thr-Lys-Ala-Lys-Ser- was established in five cycles 
of Edman degradation, and the final glutamine residue was 
identified directly by amino acid analysis. This sequence was 
found again in a second degradation of the unfractionated 
chymotryptic peptide mixture from digestion of another 
preparation of 53-84 peptide. 
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<{ ^\^ T r h w Uy l r chromaI °8"Phy of uypcic tubdigcsls of frugmcni 
«-84 (MT-5) from bovine jnd human parathyroid hormone. Component 
A represented fragment 53-65 and component C fragment 66-KO. Com 
ponen, B proved to rcpresenl the two dipeplidcs 81 -82 and 5J->»4 
text). v 



Since identification of the phcnylihiohydanloin of 
maleoylatcd lysine is difficult to achieve unequivocally by 
thin-layer chromatography, the assignment of lysines was 
confirmed by degradation of the chymoiryptic fragment 
(79-84) from a human hormone preparation biosynthetically 
labeled with ( l4 C]lysine. Counts from labeled lysines were seen 
at cycles 2 and 4. consistent wi;h location of this residue at 
positions 80 -nd 82. 

In the bovine hormone, the presence of proline ol position 
83 limited tryptic cleavage to the first of these two lysines 
(position 80), yielding the tctrapeptide Ala-Lys-Pro-Gln. The 
substitution in the human hormone of serine for proline at 
position 83 rendered both lysines susceptible to cleavage, 
producing the two fragments Ala-Lys (positions 8 1 and 82) 
and Scr-Gln (positions 83 and 84), consistent with the sequence 
assigned by degradation of ihecarboxyMcrminal chymotryptic 
fragment. 

The glutamine at position 84 was the only glutamine residue 
identified during Edman degradation of the entire 53-84 re- 
gion. Residue 64. glutamine in both the porcine and bovine 
hormone, was identified as glutamic acid in the human mole- 
cule. To confirm this finding, the biosynthetic labeling tech- 
nique was used to rule out the unlikely possibility of selective 
deamidation. A preparation of human hormone labeled with 
[ l4 C]gIutamine was treated as described above to produce the 
53-84 peptide, which was subdigestcd with trypsin after re- 
moval of malcoyl groups. The peptide subfragments.were then 
fractionated by thin-layer chromatography and efectrophc- 
rests. Glutamine counts were associated only with the 83-84 
fragment derived by clectrophorctic separation of component 
B (Figure 3), independently confirming the absence of gluta- 
mine from position 64 as well as sites other than residue 84 
witliin the carboxyl-lerminal region. 

Residues 76-78. To complete the remaining portion of the 
53?84 region, staphylococcal protease was used to cleave the 
glutamic acid residue at position 69. as done previously in 
structural analysis or porcine parathyroid hormone (Saucr ct 
ah. 1974). Edman analysis of an aliquot of the product from 
digestion of 40 nmol of the 53-84 fragment showed cleavages 
at residues 55 and 61. as well as 69. The carboxyl-tcrminal 
fragment 70-84 (SP-4. Figure I) was separated by Scphadcx 
G-25 gel filtration and subjected to ten cycles of manual deg- 
radation, through the threonine residue at position 79. This 
confirmed the earlier results from degradation of tryptic 
fragment T-2 and provided the sequence of positions 76-78. 

The Middle Region [Residues 38-S2). Residue* 45-52 
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figure 4; Structural analysis of the middle region or hPTH. Peptides 
MT-3 (whkb originate* at residue 26) and MT-4 are obtained from cryptic 
digestion of nuleoybled hormone (sec Rgure 2). Othef fragment* tutted 
and used in analysts include chymotryptic (CT) and ihcrmotytic (Th). 
Arrows denote residues identified by Edman degradation of the purified 
peptide. 

were determined by Edman degradation of fragmeni MT-4 
from irypiic cleavage ormaleoylatcd hPTH. This peptide (130 
nmol) was obtained from the same digest that produced the 
inilie! 53-84 preparation described above (Figure 2). The 
pooled 45-52 product from Sephadex C-50 was rechromato- 
graphed on Sephadex G-25 to eliminate any small amounts of 
fragment 21-25 remaining after the Sephadex G-50.Mep. The 
following amino add composition was obtained: Asp, Sex, GIu, 
Pro, Gly f Ala. Argj. Seven cycles provided i«c sequence 
Asp-Ala-Gly-Scr-Gln-Arjc-Wo-, and the terminal arginine 
was identified after direct application to the amino acid ana- 
lyzer. 

Residues 38-39. Sequence analysis of the amino terminus, 
using automated degradation of intact and cyanogen bromide 
Cleaved hPTH, had extended from residues 1 through 37 (Niall 
ct al. t 1974). Initial efforts to extend the sequence employed 
fragment 26-44 from a iryptic digest of malooylated hormone. 
This fragment (MT-3) coclutcd from Sephadex C50 with 
fragment l-20(Figurc 2). Since the terminal o-amino group 
of the hormone molecule is blocked along with the i-amino 
groups after maleoylation, the I -20 fragment does not react 
in ihe Edman degradation, permitting analysis of the 26-44 
fragment without separation of the two peptides. This fragment 
was initially employed in studies (Keutmann et al„ 1975) 
reconfirming the sequence of residues 28 and 30. Extended 
degradation of a preparation of 26-44 fragment reached res- 
tdue 39 (Figure 4), but extractive losses due to its markedly 
hydrophobic nature prevented sequence determination from 
progressing further. 

Residues 40-44. To approach Ihe structure of the remaining 
residues 40-44, products of chymotryptic and thermolytic 
digestion of native hormone were used (Figure 4), taking ad- 
vantage of the abundance of susceptible neutral residues in this 
region of the moiecule. At this nearly complete stage of se- 
quence analysis, two residues of proline and one each of leucine 
and alanine from the compositional analysis remained to be 
assigned. 

Pilot scale digestions of native hPTH had indicated the 
presence of a chymotrypsin-sensiti vc residue at position 4 1 . An 
aliquot of 40 nmol of native hPTH was digested, and the long 
fragment CT-l (residues 42-78) was separated by gel filtration 
on Sephadex G-50. By Edman degradation, alanine and proline 
were found at cycles 1 and 2 (residues 42 and 43). Arginine at 
cvclc 3 confirmed the presence of this residue at position 44, 
as concluded earlier from compositional studies and the 
cleavage at this position by trypsin after malcic b!ocka fe. 
Aspartlc acid and olaning at eyelet 4 and 5 (position* 43 and 
46) corresponded to those previously found In degradation of 
the 45-52 fragment. 
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FKiURE 5: Identification of residua 42 and 43 by Edman degradation of 
chymotryptic fragment 42-78 from human hormone biosymhetically la- 
beled with I'HIalafline and ('^proline. Alanine eounu were found at 
cycle* I (poiition 42) and 5 (known to be the alanine at position 46). 
Proline radioactivity was found oi cycled, corresponding lo position 43. 
Thii petition it occupied by tyrosine in the bovine hormone. 

Thcrmolysin, which cleaves the peptide bond amino terminal 
to neutral and aromatic residues, was next used to prepare a 
fragment (Th-3, Figure 4) similar to the chymotryptic peptide 
just described, with the addition of residue 41 at the amino 
terminus. This peptide extended through residue 58 and was 
separated best by gel filtration on Bio-Gel POO. Leucine was 
found at cycle I of Edman degradation, followed by alanine 
and proline as assigned (above) lo positions 42 and 43. 

These results left proline as the most probable residue for 
the final position 40. Knowing that the already established 
sequence fur residues 37-39 indicated exact homology between 
the bovine and human hormones, advantage was taken of the 
cleavage pattern of thermolysin to identify the peptide corre- 
sponding to this region in the bovine molecule. In preliminary 
studies with the bovine hormone, fragment 37-40 (Leu-Gly- 
Ala-Scr) was isolated from thermolysin digests of the intact 
molecule, eluting from Bio-Gel P-30 at a of 0.8 and from 
subsequent TLC at an R/ of 0.62. When a comparable P-30 
cluate fraction of ihermolysin-clcavcd human hormone was 
screened by TLC, a tetrapeptide with the composition (Gly, 
Ala, Leu, Pro) was located with a similar chromatographic 
mobility (tf/0.64). This fragmeni (Th-2. Figure 4) was iso- 
lated by preparative-scale TLC. Three cycles of Edman deg- 
radation yielded the sequence Leu-Gly-Ala- and the final 
cycle, corresponding to residue 40, was identified as proline 
by amino acid analysis. 

It was possible to rely extensively on biosyntnetic labeling 
for separate verification of the sequence Pro- Leu- Ala- Pro thus 
found for residues 40-43. Residue 41 was confirmed by thcr- 
molysin digestion of a [ , H]Ieucine-labclcd human bormonc 
preparation. Leucine radioactivity eluted with the fragment 
4 1 -58 (Th-3), and these counts were focalized to cycle I by 
Edman degradation. 

The assignment of residues 42 and 43 was confirmed by 
means of the biosynthetic study illustrated in Figure 5. A 
preparation of hPTH internally labeled with [ l4 C] proline and 
[ 5 H)alaninc was digested with chymotrypsin. The 42-78 
fragment (CT- 1 . Figure 4) was isolated as before and subjected 
to six cycles of Edman degradation. Alanine and proline counts 
were found at cycles I and 2, respectively, representing posi- 
tions 42 and 43. At cycle 5, a second rise in tritium counts 
marked the alanine known to be at position 46. 

In addition, it was deemed essential to eliminate directly and 
independently the presence of phenylalanine and threonine 
from thin sequence region, since Ihecnnlcnt Of thCSC two ultimo 
acids found during compositional analysis of the entire mole- 
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culc (Kcutmann et al., 1978) was somewhat in excess of ihc 
single residue of each already located elsewhere. Thus, two 
biosynthetic labeling experiments were carried out using 
combinations of these residues. 

An hPTH preparation labeled with 1 ,4 C]phenylaIaninc and 
( 3 H Jalanine was digested with thermolysin and subjected to 
Bio-Gel P-30ge! filtration (Figure 6). Phenylalanine counts 
were found to elutc exclusively with fragment 34-36 (Th-I, 
Figure 4) with no counts in the 41-58 fragment. Phenylalanine 
was thus eliminated from all positions except 34. 

The presence of a threonine residue in the middle region was 
ruled out definitively by Cryptic cleavage of maleic-blocked 
[ ,4 C]threoninc and pH Jala nine-labeled hPTH. After Sc- 
phadcx G-50 gel filtration, no threonine counts were found in 
the 26-44 region of the column, as marked by the alanine 
counts; all M C radioactivity clutcd with the 53-84 fragment 
containing threonine al position 79. 

The case with which residue 41 (leucine) was cleaved by 
both chymolrypsin and thermolysin was surprising to us, in 
view or the two nearby prolines at residues 40 and 43 which 
might have been expected to inhibit cleavage. This prompted 
us to confirm this finding by studies using a synthetic peptide 
comprising residues 38-44 (Gly-Ala-Pro- Leu- Ala-Pro- Arg). 
Products of cleavage, under conditions of enzyme treatment 
similar to these used earlier, were assessed by TLC, amino acid 
analysis, and Edman degradation. Both enzymes were found 
to cleave at residue 41 in a manner identical to that observed 
in our study of the native hormone. 

Discussion 

The difficulties in isolating sufficient human parathyroid 
hormone for structural studies, which have prevented com- 
pletion of the sequence analysis until now, stem from several 
factors. Not only is the source of adenoma tissue for extraction 
extremely limited, but the yield of hormone is low— approxi- 
mately 0.5-1 mg/IQO g of tumor tissue. Large quantities or 
irnmunoreaciive hormone are lost at various steps in the ex* 
traction procedure. At least part of this represents fragments, 
some of which can be recovered for immunological studies 
(Kcutmann et al.. 1978; diBella et al., 1978), but it would 
appear that extensive fragmentation of the hormone may occur 
in the tissue prior to extraction. In some preparations, heter- 
ogeneity has been observed at the final ion-exchange purifi* 
cation step (Kcutmann et al. f 1978); this farther reduces the 
yield, as separate evaluation of the different fractions is nec- 
essary. There is no evidence, however, that these fractions 
represent separated isohormones analogous to those demon- 
strated in the bovine species (Kcutmann et al., 1971). 

The strategy employed in our structural analysis of the 
overall molecule was markedly influenced by the scarcity of 
hormone supply. Efficient use of the extracted hormone was 
afforded by a high-sensitivity methodology, especially the use 
of radioactive phenyl isothiocyanate as coupling reagent in the 
Edman degradation. The conjoint use of biosynthetic labeling 
as a sequencing technique became particularly important as 
structural analysis progressed: (a) the later i egions to be an- 
alyzed (such as the 40-43 segment), being the most difficult, 
placed extra demands on supplies of extracted hormone; (b) 
in later stages, the options for residues likely to occupy a given 
position were reduced, permitting more directed choices of 
labeled amino acids for incorporation; (c) the biosynthetic 
method provided an accurate alternative means to confirm 
certain residues that had proven difficult to identify by con- 
ventional methods, and to eliminate possible ambiguities due 
to selective deamidalion. 

The last named of these was especially relevant to the 
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FIGURE 6: Use of a ifacrmolysin digest of I ,4 C)pt>cnylalaninc and f*HJ- 
aUninc-Ubckd hPTH to localize phenylalanine. When pttscd over Bio-Gel 
POO. all phenylalanine counts cluted with fragment 34-36 <Th-l). known 
to contain Ph« at portion 34. Thi» and other peptides were marked by 
jlanine counts (closed circle). Arrow* denote void sik! sail volume of 
column, respectively. 



identification of glutamic acid at position 64, which could have 
arisen through loss of the side-chain amide of a glutamine 
initially present at this position. This possibility was examined 
by biosynthetic experiments employing ( ,4 C]glutaminc which 
avoid the potential problem of deamidalion (Kcutmann et al,. 
1975); the results showed glutamine to be absent from tryptic 
fragment 53-65. Despite this further evidence favoring glu- 
tamic acid at position 64, we plan to undertake studies using 
products of cell-free translation of human parathyroid foRN A 
(which permit equivalent incorporation of Asn, Asp, GIu, and 
Gin) with the aim of checking all assignments of side-chain 
amidated residues. 

Limited tryptic digestion of maleic-blocked huma:: y^ra- 
thyroid hormone was initially used in our reexamination w r 
portions of the amino-lerminal sequence (Kcutmann J., 
1975, 1978) and has proven particularly' appropriate in pro- 
viding useful fragments in high yield for the remainder of the 
structure. 

The entire 45-52 region and an extensive segment of the 
carboxyl terminus could be sequenced by degradation of these 
tryptic peptides. The carboxyl-terminal 53-84 fragment was 
completed using subdigestions with tripsin, chymolrypsin. and 
staphylococcal protease. The hydrophobic nature of tjie middle 
portion of the molecule called for alternative cleavage proce- 
dures. After chymolrypsin and tnermolysin proved promising 
in pilot studies with intact bovine hormone, they were employed 
successfully with both extracted and biosyntheticallyjabcled 
human preparations for analysis of the final 40-43 segment. 
Our recently reported composition of the human hormone 
based on multiple hydrolysates of the purified peptide (Kcut- 
mann et al., 1 978) corresponds appropriately to the amino acid 
composition of hPTH calculated from the sequencr pre cited 
here. The molecular weight of the human horin-ve as com- 
puted from the structure is 9427. 

In the course of these studies, we have had further oppor- 
tunity to examine the still disputed residues at positions 22. 23. 
and 30 in the amino-terminal region and have repeatedly 
confirmed our original findings as reported by Niall et al. 
(1^4). Despite the obvious confusion persisting due to the 
unresolved differences between our results and the report of 
tffgwerand associates (1972, 1975) concerning the nature of 
these three residues, we conclude from our earlier studies (Niall 
et al., 1974; Keutmann et al., 1975, 1978) and present findings 
that the structure presented here for the human hormone 
(Figure 7) is the correct sequence of the 84 aminb acids com- 
prising the principal, if not sole, form of parathyroid honnone 
obtainable from adenomatous or hyperplastic human tissue. 
Figure 7 compares the sequences of the human, bovine, and 
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figure 7: Comparison of the amino acid sequences of human, bovine, 
and porcine parathyroid hormone. The human hormone is ihom by the 
# backbone sequence; substitutions round in the bovine and porcine hormona 
arc indicated by circle* alongside. 

porcine molecules. The human horropnc differs from each of 
the other species at 1 1 positions. Eight of these represent 
residues unique to the human molecule. Ai) substitutions 
represent single-step mutations in the triplet-base codon, except 
for the substitution of proline (human) for tyrosine (bovine) 
at position 43. This position is unique in containing a different 
ammo acid for each of the three species; the tyrosine found here 
in the bovine is the only occurrence of ihi* residue thus far 
known in a parathyroid hormone molecule. Nonetheless, the 
human hormone, like the porcine, has proven to be a satisfac- 
tory tracer after labeling with radioiodinc, which must occur 
predominantly at the histidinc residues. 

The most abundant substitutions among the three hormones 
occur in the mid portion of the molecule: through the region 
40-47, six of the eight residues in hPTH differ from either or 
both of the other species. Especially noteworthy is the high 
content of proline in one relatively short segment of the human 
sequence. Three residues of proline out of the 12 between po- 
sitions 40 and 51 could imparl marked conformational dif- 
ferences to this part of the molecule. This may, in turn, influ- 
ence the immunological cross-reactivity between human and 
other species of hormone, especially with the numerous antisera 
currently in use thai appear to be directed inward the middle 
region. The rate or extent of enzymatic ck-tvages during pe- 
ripheral metabolic breakdown of the hormone, studied earlier 
with the bovine hormone (Scgre et aU 1977), might also be 
affected. Although the sequences found in the human hormone 
at the principal sites or cleavage identified in the bovine 
(residues 33-34 and, secondarily. 36-37) are identical i.i the 
two molecules, the extensive substitutions in the human com- 
mencing at nearby residue 40 could influence the ease with 
which such cleavages lake place. 

Although thtf carboxyl-tcrminal region is generally well 
conserved, the changes that are seen at positions 79 and 83 may 
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be sufficient to impair immunological cross- reactivity, as ob- 
served with antibovine antisera directed toward this icgion of 
the molecule (Hendyet al., 1974; Murray et al., 1975J. Rc 
placement of .proline at position 83, for example, may favor 
extension of a region of a-helical structure (Fiskin et al., 1977) 
further toward the carboxyl terminus. 
. Our analyses show the location of charged residues 
throughout the human hormone molecule to be identical with 
the bovine, with the exception of the substitution of glutamic 
acid for glutamine at position 64. This difference of a single 
negative charge may be reflected in the finding that hPTH 
elutes slightly earlier than bPTH from a carboxymethylcel- 
lulose lon-exchangc column (Kcutmann et al., 1975). There 
is an additional negative charge difference between human and 
porcine hormone; aspartic add. present at position 74 in hPTH 
and bPTH, is replaced by alanine in pPTH. 

In addition to fragments and analogues based on the active 
amino- terminal region for use in a wide range of structurc- 
functioh studies, synthetic peptides from other regions of the 
molecule have recently been prepared as the sequence studies 
have progressed, among them the 44-68 and 53-84 sequences 
(Rosenblatt et aL, 1977, 1978) along with a number of shorter 
fragments. The use of one of these in supporting the current 
sequence analysis is described under Results. These peptides 
are now being widely applied to the development and charac- 
terizaiion of antisera, in further immunological comparison 
between discrete regions of hPTH and bPTH, and for studies 
designed to discern any potential biological effects not previ- 
ously recognized outside the amino-tcrminal region. The 
complete sequence of human parathyroid hormone should now 
permit the synthesis of additional peptides, containing the 
middle portion with its distinct differences from other species, 
for continued definition of the physiological and immunological 
properties of the human hormone. 
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Thyroxine-Induced Conformational Changes in Prealbumin* 

Gaetano trace* and Harold Edelhoch* 



abstract: The effects of thyroxine binding on the confor- 
mation of human prealbumin and bovine scrum albumin have 
been examined. A blue shift in protein absorption was observed 
with prealbumin, whereas a red shift was observed with bovine 
serum albumin. In the case of prealbumin, where the two 
binding sites are identical, the total absorption change was 
confined to the binding of the first Itgand and has been Inter- 
preted as resulting from a conformational change. A blue shift 



observed in the absorption spectrum of thyroxine, however, was 
the same for the first and second bound molecules. These data 
have been interpreted in terms of two identical and interacting 
sites on prealbumin and explain the origin of I be difference in 
binding affinities between the first and second sites. Fluores- 
cence quenching by thyroxine and thyroxine effects on tryptic 
hydrolysis of prealbumin a re- in accord with the above inter- 
pretation. 



P 

A realbumin binds 2 mol of thyroxine (T4) 1 or Tj with 
binding constants that are two orders of magnitude different 
for each mole (Ferguson et al. f 1975; Cheng et al., 1977). The 
negative cooperativity observed in the binding of the two 
hormone molecules is not due to heterogeneity in the binding 
sites, since these are identical as indicated from the X-ray 
analysis of Blake et al. (1971, 1974). Moreover, the closest 
approach of the two sites is almost 10 A (Blake and Oatley, 
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1977), so thai a steric mechanism cannot explain the interac- 
tion between the two sites. There arc binding data at several 
pH values with the analogue Dl PA, which suggests thai an 
electrostatic interaction may contribute to the negative coop- 
erativity (Cheng et al., 1977). A common mechanism of de- 
veloping cooperativity in subunit proteins involves a confor- 
mational change on binding a ligand on one subunit, which 
then alien the interactions between subunits and, conse- 
quently, the binding affinity for subsequent llgands. We have 
examined the binding of T 4 and DIPA to PA in order to de- 
termine whether conformational changes are produced. For 
comparison, the binding of thyroxine to another thyroid hor- 
mone transport protein, i.e.. bovine serum albumin, was also 
evaluated. 

Materials and Methods 

Human serum prealbumin (PA), obtained from Dchring 
Diagnostics, was purified further by gel electrophoresis, as 
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PRODUCTION OF MATURE PROTEINS 



IN TRANSFORMED YEAST 



BACKGROUND OF THE INVENTION 

1. Field of the Invention. 

This invention relates to a method for 
producing a mature protein in transformed yeast 
and further relates to Saccharomyces cerevisiae 
transformed by a plasmid containing a 
preproparathyroid hormone cDNA insert. 

2. Description of the Prior Art. 

Recombinant DNA technology now makes it 
possible to isolate specific genes or portions 
thereof from higher organisms, such as man and 
other animals, and to transfer the genes or fragments 
to a microorganism species, such as E^_ cbli or 
yeast. The transferred gene is replicated and 
propagated as the transformed microorganism may 
become endowed with the capacity to make whatever 
protein the gene or fragment encodes, whether it 
be an enzyme, a hormone, an antigen or an antibody, 
or a portion thereof. The microorganism passes 
on this capability to its progeny , so that in 
effect, the transfer results in a new strain, 
having the described capability. 

Re-ombinant DNA conventionally utilizes 
transfer vectors. A transfer vector is a DNA 
molecule which contains genetic information 
which insures its own replication when transferred 
to a host microorganism strain. Plasmids are an 
example of a transfer vector commonly used in 
genetics. Although plasmids have been used as the 



transfer vectors for the work described herein, 
it will be landers tood that other types of transfer 
vectors may be employed. Plasmid is the term 
applied to any autonomously replicating DNA unit 
which might be found in a microbial cell, other 
than the genome of the host cell itself. A 
plasmid is not usually genetically linked to the 
chromosome of the host cell. Plasmid DNA exists 
as doublestranded ring structures generally on 
the order of a few million daltons molecular 
weight, although some are greater than 10 a daltons 
in molecular weight. They usually represent only 
a small percent of the total DNA of the cell. 
Transfer vector DNA is usually separable from host 
cell DNA by virtue of the great difference in size 
between them. Transfer vectors carry genetic 
information enabling them to replicate within 
the host cell. 

Plasmid DNA exists as a closed ring. 
However, by appropriate techniques, the ring may 
be opened, a fragment of heterologous DNA inserted, 
and the ring reclosed, forming an enlarged molecule 
containing the inserted DNA segment. 

Transfer is accomplished by a process known 
as transformation. During transformation, host 
cells mixed with plasmid DNA incorporate entire 
plasmid molecules into the cells. Once a 
cell has incorporated a plasmid, the latter is 
replicated within the cell and the plasmid replicas 
are distributed to the progeny cells when the cell 
divides. 

Genetic information contained in the 
nucleotide sequence of the plasmid DNA, including 
heterologous DNA inserted into the plasmid, can 
in principle be expressed in the host cell. The 
inserted heterologous DNA typically representing 
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a single gene, is expressed when the protein 
product coded by the gene is synthesized by the 
organism* 

Once a gene has been isolated, purified 
and inserted into a plasraid or other vector, the 
5 availability of the gene in substantial quantity 
is assured. After transfer of the vector into a 
suitable microorganism, the gene replicates as 
the microorganism proliferates. The vector 
containing the gene is easily purified from 

10 cultures of the host microorganism by known tech- 
niques and separable from the vector by restriction 
endonuclease cleavage followed by gel electrophoresis. 
The protein product expressed by the heterologous 
gene can also be recovered in substantial quantities 

15 from cultures of the host microorganism by harvesting 
the culture and retrieving the protein product 
contained in the harvested cells. (For futher 
detail of recombinant DNA technology, and an explicit 
exposition of the utility of producing proteins 

20 such as hormones, etc., by recombinant DNA technology, 
see U.S. Patent No. 4,237,224, issued December 2, 1980 
to Cohen et al., and U.S. Patent No. 4,322,499, 
issued March 30, 1982 to Baxter et al. Patents 
and articles cited herein are incorporated by 

25 reference wherever such citations occur and shall 
be considered incorporated in their entirety as if 
set forth in full) 

Recombinant DNA thus holds great promise 
for economically producing substantial quantities 

30 of useful proteins that are difficult or costly to 
isolate in such quantitites from mammalian tissue. 
A major and nearly universal problem in producing 
useful proteins, however, is the construction of 
the actual genetic material to be inserted into the 

35 transfer vector. 
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Conventional means provide for enzymatically 
preparing desired genetic material by reverse 
transcription. Mature messenger RNA (mRNA) , which 
is chemically similar to DNA and retains most of 
the information coded in DNA, can be extracted 
from tissue in which the desired gene is active, 
mRNA is separated from other RNA material in the 
tissue and complementary DNA (cDNA) is produced 
by the .enzyme reverse transcriptase, and at times 
polymerase 1 for the synthesis of the second strand. 
This cDNA, a complementary copy of mBNA and • 
similarly containing the information coded in 
RNA, is often further altered in known ways to 
be suitable for insertion into a plasmid vector. 
(See W. Mahoney & S. Henikoff, Univ. of Washington 
Medicine , Vol. 8, No. 4, pp. 6-14 (Winter, 1981) \. 

cDNA enzymatically prepared by reverse 
transcription has the potential to express a 
protein chain identical to the protein expressed 
by tissue from which the mRNA was extracted. This 
alone is not sufficient, however, for the expression 
of desired mature animal proteins because many 
animal proteins, represented by such diverse 
classes as hormones, binding proteins, enzymes, 
antibodies, and collagen, are produced in nature 
in the form of larger precursors that are 
subsequently modified by cleavage to smaller 
bioactive forms commonly designated mature 
proteins. Thus, expression of cDNA synthesized 
by reverse transcription only has the potential 
to express the precursor of the mature protein 
product. 

It has been known for several years that 
bacteria such as coli can remove the "pre" 
portion of its own secreated proteins. Exan^les 
include the processing of pre-ribose binding 
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protein, pre-galactose binding protein and 
pre-arabinose binding protein. (L. Randall, et al. f 
Eur. J. Biochem. , Vol. 92, PP- 411-415 (1978); 
L. Randall, S. Hardy, and L. Josef sson, ProcV Natl. 
Acad. Sci, USA , Vol, 75, pp. 1209-1212 (1978)). 

S. Chan, et al., Proc, Natl. Acad. Sci. USA, 
Vol. 78, pp. 5401-5405 (1981) has exploited the 
ability of coli to remove the "pre" sequence. 
Chan, et al., modified cDNA for human preproinsulin 
to encode a hydrid "pre" sequence containing 
portions of coli and mammalian "pre" sequence. 
E. coli expressed the hydrid protein and correctly 
removed the "pre" sequence by intra-cellular 
processing. Thus, Chan, et al., was able to modify 
human preproinsulin cDNA in a way that would allow 
E. coli to produce proinsulin. 

It is also known that yeast shares the 
ability to remove "pre" sequences from its own 
pre-proteins . Furthermore, when an EL coli 
preprotein was genetically engineered into yeast, 
pre-B-lactamase was processed to B-lactamase. 
(Roggenkamp, et al., Proc. Natl. Acad. Sci. 
USA , Vol. 78, No. 7, pp. 4466-4470 (1981)). 

The above type of processing of preproteins, 
however, will not process to mature proteins 
many of the mammalian hormone precursors and 
many of the other interesting mammalian protein 
precursors in E. coli . These latter hormone and 
protein precursors contain a "pro" portion which 
is not processed by the enzymatic mechanism 
responsible for processing the "pre" portion of 
preproteins. As shown above, for example, the 
natural precursor for insulin, i.e. preproinsulin 
is processed in E^ coli to form proinsulin. 

Many investigators have been unable to 
express pre-proteins in yeast or EL coli , let 
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alone get processing. Expensive and time consuming, 
investigative efforts have focused almost 
exclusively on genetically eliminating the 
"pre" sequences and the "pro" sequences in 
attempting to express mature proteins without 
intermediates . 

In several prior art approaches, the need 
for processing precursor proteins has been over- 
come. Insulin is the result of natural processing 
in human tissue involving cleaving two peptide 
chains f A and B, from the single large precursor 
preproinsulin and assembling the A and B chains 
to form the mature hormone insulin. The A and 
B chains are located within proinsulin and hence 
E. coli which processes preproinsulin to proinsulin 
does not produce the mature hormone insulin. An 
approach to obtaining mature insulin using 
E. coli employs chemically synthesized genes 
compatible with E^ coll , 

A double-stranded synthetic DNA-coding 
sequence for the insulin A chain was synthesized 
chemically from fundamental nucleotide units to 
yield the correct coding sequence. An extra 
amino acid (methionine) was added at one end. 
This end was fused to the bacterial gene for the 
enzyme B-galactosidase which results in accumulations 
of fused B-galactosidase-insulin-A-chain protein. 
This same procedure was repeated for the B-chain 
which resulted in the production of fused B-galactosi 
dase-insulin-B-chain protein. 

The fused proteins sure insoluble in water 
and readily isolated from broken cells. The A and 
B chains of insulin are released from B-galactosidase 
at the extra methionine by cyanogen bromide cleavage 
and subsequently mixed together under conditions 
that allow formation of disulfide bonds between A 




WO 84/01173 



PCT/US83/01361 



-7- 



and B chains, yielding mature insulin. (W. Miller, 
J. of Pediatrics , Vol. 99, pp.. 1-15 (1981); 
D. Goeddel, et al., Proc. Natl/ Acad. Sci. USA , Vol 76, 
pp. 106-110 (1979)). 



need for processing a precursor protein, but in 
turn requires processing of the fused B- 
galactosidase-insulin-A-chain and B-galactosidase- 
insulin-B-chain proteins to mature insulin. 

10 Moreover, chemical synthesis of the DNA coding 
sequences for A-chain*and B-chain involves 
substantial costs, even when considering that 
the B-galactosidase-insulin-A-chain gene and 
B-galactosidase-insulin-B-chain gene after being 

15 synthesized are easily replicated for subsequent 
production of insulin. (D. Williams, et al., 
Science , Vol. 215, pp. 687-689 (Feb. 1982); 
W. Mahoney, Univ. of Wash. Medicine / supra) . 



20 encoding for mature proteins has also been shown to 
be effective for bacterial production of human 
soraatostation«, (K. Itakura, et al., Science , 
Vol. 198, pp. 1056-1063 (1977)). However, insulin 
chains A and B and human somatostation are 

25 relatively small sequences and chemically 

synthesized DNA coded for them are relatively 
small. In the case of larger proteins, chemical 
synthesis of the DNA coding sequence coded for 
such proteins is prohibitively time consuming. 

30 One prior art approach, now often followed, 

utilizes chemically synthesized DNA in conjunction 
with enzymatically prepared cDNA to produce a 
gene which instructs production of mature hormone 
in bacteria. Human growth hormone (HGH) is a 

35 protein of 191 amino acids, its precursor having 
an additional 26 amino acid "pre" portion. cDNA 



The above prior art approach overcomes the 



The approach of chemically synthesizing 



DNA 




encoding the precursor was enzymatically prepared 
from mBNA isolated from human pituitary tissue. 
The first useful cleavage site of the cDNA occurs 
at the site encoding amino acid residues 23-24 of 
HGH. Treatment of the cDNA with restriction 
endonuclease Hae III gives a DNA fragment of 
551 base pairs which includes coding sequences for 
amino acids 24-191 of HGH. A gene fragment 
having coding sequences for residues 1-23 of HGH 
(and an initiation codon) was chemically synthesized. 
The two DNA fragments were combined to form a 
synthetic-natural hybrid gene which when inserted 
into a plasmid vector directed expression of 
mature HGH in E. coli. (D. Goeddel, et al. f 
Nature , Vol, 281, pp. 544-548 (October 1979)). 

Using a similar strategy of cleavage and 
reconstriction of DNA for the mature protein, 
R. Lawn et al., Nucleic Acids Research , Vol. 9, 
No. 22, pp. 6103-6114 (1981), expressed mature 
human albumin in coli . 

This general approach, however, requires 
time consuming chemical synthesis of desired gene 
fragments, cleavage of cDNA assuming the availa- 
bility of useful cleavage sites and dif ficult 
genetic construction of plasmids from DNA fragments. 
Furthermore r in both of the above examples, an 
initiator methionine was left at the NH 2 -terminal. 
The initiator methionines cannot practically be 
removed since HGH and albumin also have methionines 
located elsewhere in the sequence. Thus, removing 
the initiator methionine by cayanogen bromide 
cleavage, would result in cleavage at the other 
methionines. This would result in a protein split 
into cleaved fragments. Both the HGH and albumin 
produced by the above approach are "mature* 
proteins which start with methionines. Hence they 
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are not "real" mature proteins* 

The prior art approaches set forth above 
illustrate that a major and nearly universal 
problem in producing mature proteins is the con- 
struction of the actual genetic material to be 
inserted into transfer vectors. Procedures 
exist for preparing cDNA from mRNA isolated from 
mammalian or other higher order animal tissue, but 
mammalian and higher order animal proteins are 
most often expressed as precursors and subsequently 
processed into the mature protein in cells of 
origin* The prior art has identified coli 
and yeast as microorganisms capable of processing 
precursors containing the "pre" portion, but this 
class of precursors excludes many of precursors 
of interest. The prior art thus has not identified 
a microorganism suitable for cloning mammalian and 
higher order animal genes which is capable of 
processing to mature proteins precursors of 
greatest interest. The prior art approaches attempt 
to solve the problem by constructing genes that 
code for mature protein. However , although 
procedures now exist for identifying nucleotide 
coding sequences for mature proteins, chemical 
synthesis of DNA sequences encoding mature 
proteins or fragments thereof for use in hydrid 
genes is costly and time consuming, often 
prohibitively so. 



FIG. 1 shows inferred protein cleavage 
sites within the precursor of yeast a-f actor, where 
"K" designates lysine and "R" designates arginine 
amino acid residues. 

FIG. 2 shows the cDNA sequence encoding 
preproparathyroid hormone and the unique Pvu II 
and Hinf 1 cleavage sites. 
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FIG. 3 shows certain portions of the 
nucleotide sequence of the pYEM-1 plasmid. 

SUMMARY OF THE INVENTION 
In the present invention, a method is 
5 disclosed for producing protein in yeast transformed 
to express a corresponding precursor containing 
a pair or triplet of basic amino acid residues 
located proximally and/or distally . adjacent to the 
protein portion of the precursor sequence comprising 

10 proteolytic processing by the yeast of the 

precursor at the site of such pairs or triplets 
of basic amino acid residues. The method comprises 
proteolytic processing by transformed yeast which 
contains an endopeptidase r designated herein as a 

15 trypsin-like enzyme or enzymes . The trypsin-like 
enzyme or enzymes proteolytically process the 
precursor at the site of such pairs or triplets 
of basic amino acid residues by cleaving at the 
distal side of such pairs or triplets. The 

20 method further comprises proteolytic processing 

by transformed yeast that contains an exopeptidase, 
designated herein a carboxypeptidase-B-like 
enzyme or enzymes* The carboxypeptidase-B-like 
enzyme or enzymes proteolytically process the 
. 25 precursor at the site of such pairs or triplets 
of basic amino acid residues by degrading such 
pairs or triplets of basic amino acid residues 
remaining distally adjacent to the protein portion 
of the precursor sequence after the cleavage by 

30 the trypsin-like enzyme or enzymes. 

In the present invention, the above method 
is further disclosed for proteolytic processing of 
proto-proteins to mature proteins. Proto-proteins , 
defined with greater specificity infga , consist 

35 generally of precursor proteins in which the 
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protein portion of the precursor sequence is 
identical in structure .to .the mature protein except 
for the abscence of the amino terminal and the 
carboxyl terminal in the' precursor sequence/ The 
above method is also disclosed for proteolytic 
processing of certain non-proto-proteins . For 
example, the above method .-is disclosed for 
proteolytic processing of preproinsulin or 
proinsulin to mature insulin. The above method is 
disclosed for producing mammalian insulin 
generally as well as human, bovine, and porcine 
insulin specifically. According to the method, . 
preprocalcitonin and procalcitonin may be 
proteolytically processed by transformed yeast 
to form mature calcitonin or a calcitonin relative 
in the case of animal calcitonin generally and 
human, bovine, and porcine calcitonin specifically. 

In the present invention, a recombinant 
DNA plasmid transfer vector useful for transforming 
yeast comprising a DNA sequence comprising. the 
preproparathyroid gene cDNA sequence is disclosed 
as well as the plasmid pYEM-1 and yeast transformed ' 
by a plasmid comprising the above transfer vector 
and yeast transformed by the plasmid pYEM-1. 

DESCRIPTION OF THE SPECIFIC EMBODIMENT 
Proto-proteins may consist of precursors 
for which DNA and mRNA encoding the precursors 
naturally occur in animals. This type of 
proto-protein is designated source natural 
proto-proteins. Proto-proteins may also consist 
of precursors in which synthetic DNA encodes the 
precursor. This type of proto-protein is designated 
source synthetic proto-protein. For example, by 
chemical synthesis, or alternatively by enzymatic 
cleavage, rearrangement and subsequent fusion, DNA 
can be synthesized so that the precursor which 
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it encodes has the cleavage properties discussed 
below. Production of mature protein might be 
enhanced by transforming yeast with synthetic DNA 
encoded for a precursor having repetitive sequences 
5 of the mature protein, each sequence being flanked 
by appropriate cleavage sites. 

Source natural proto-proteins are illustrated 
by, but not limited to, certain hormone precursors, 
including preproparathyroid (J. Habener & J. Potts, 

10 The New England Journal of Medicine (Second Part) , 
Vol. 299, No. 12, pp. 635-643 (Sept. 1978)), 
preprosomatostatin (P. Hobart, et al., Nature , 
Vol. 288/ pp. 137-139 (November 1980)), AVP-NpII 
precursor to arginine vasopressin and its 

15 corresponding neurophysin (H. Land, et al., Nature , 
Vol. 295, pp. 299-303 (January 1982)), cortitropin 
B-lipotropin precursor to corticotopin (ACTH) 
and B-lipotropin (B-LPH) (S. Nakanishi, et al., 
Nature, Vol. 278, pp. 423-427 (March 1979)), 

20 preproglucagon (P. Lund, et al., Pro . Natl . Acad . 
Sci. USA , Vol. 79, pp. 345-349 (January 1982)), 
and pro-opiomelanocorttn (POMC) precursor to 
B-endorphin and Met- and Leu-enkephalin precursor 
(M. Comb, et al., Nature , Vol. 295, pp. 663-666, 

25 (February 1982)) . 

Source natural proto-proteins are also 
illustrated by melittin precursor (G. Suchanek, 
et al., Eur. J. Biochemistry , Vol. 60, pp. 309-315 
(1975); G. Suchanek, et al., Proc. Natl. Acad. 

30 Sci. USA , Vol. 75, pp. 701-704 (1978)) and serum 
albumin precursors (R. Lawn, et al., Nucleic Acids 
Research , Vol 9, No. 22, pp. 6103-6114 (1981)). 

As reported in the above citations, these 
precursors contain within their sequence at least 

35 one mature protein sequence. Where there is a 
single mature protein sequence contained in the 
precursor it is flanked proximal ly by a pair or 
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triplet of basic amino acid residues consisting 
of lysine and/or arginine and is flanked distally 
by either the carboxyl-terminal of the precursor 
or a pair or triplet of basic amino acid residues 
lysine and/or arginine. If there are several mature 
protein sequences contained in the precursor, at 
least one of the mature protein sequences is 
flanked proximally by a pair or triplet of such 
basic amino acid residues and is flanked distally 
by either the carboxyl-terminal of the precursor 
or a pair or triplet of such basic amino acid 
residues. Any precursor protein falling within 
this description is defined herein as a proto-protein, 
whether it be source natural or source synthetic. 

As reported in the above citations in 
connection with observing the production of mature 
proteins in mammals and other higher order animals, 
the cleavage site located on the distal side of 
a pair or triplet of such basic amino acid residues 
is readily attacked by endopeptidases with 
trypsin-like activity. After endopeptidase 
cleavage, any residual basic residues remaining 
adjacent to and on the distal side of the mature 
protein are susceptible to degrading, i.e. 
selective removal, by exopeptidases with activity 
resembling that of carboxypeptidase-B. 

Thus, for example, in prepropara thyroid 
hormone the mature protein is flanked proximally 
by the basic triplet lysine-lysine-arginine and is 
flanked distally by the carboxyl-terminal of the 
precursor. A single cleavage by a trypsin-like 
enzyme is sufficient to produce the mature hormone. 
In other proteins such as the glucagon precursor, 
two mature glucagon proteins are flanked both 
proximally and distally by a basic pair lysine- 
arginine. Combined cleavage by a trypsin-like 
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enzyme and degradation of the resulting carboxyl- 
terminal by a carboxypeptidase-B-like enzyme are 
required to produce the mature proteins. 

The method of the present invention comprises 
S preteolytic processing by yeast of proto-proteins 
to mature proteins. In the method, transformed 
yeast naturally containing a trypsin-like enzyme 
or enzymes and a carboxypeptidase-B-like enzyme 
or enzymes, proteolytically release mature proteins 

10 from larger precursors. These enzymes will effectively 

cleave and degrade proto-proteins to mature proteins. 
This is confirmed by a trypsin-like cleavage, 
discussed infra, of preproparathyroid hormone 
yielding mature parathyroid hormone. This is 

15 further confirmed by yeast processing its own 
mating factor, a-f actor. (T. Tanaka, et al., 
J. Biochemistry , Vol. 82, pp. 1681-1687 (1977)). 
As shown in FIG. 1, the nucleotide sequence of 
a-factor shows that yeast naturally expresses a 

20 precursor containing four distinct codings for 
mature a-factor. Three of the four a-f actors 
in the precursor are flanked distally by a pair 
of basic amino acids residues. A trypsin-like 
cleavage in combination with a carboxypeptidase- 

25 B-like degrading naturally yields correctly 

processed C-termini for these three a-f actors . 
After a trypsin-like cleavage, N- termini of the 
four a-factors are flanked proximally by a series 
of several glutamic acid and alanine amino acid 

30 residues. These latter residues are in turn removed 

by an aminopeptidase. The foregoing natural 
endopeptidase and exopeptidase activity in yeast 
in combination with the virtual uniform presence of 
pairs and triplets of lysine and/or arginine 

35 flanking mature hormone sequences in proto-proteins 

underlies the present invention. 
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Although preproinsulin and proinsulin containing 
disulfide bonds are not proto-proteins as defined 
herein they will nevertheless undergo proteolytic 
processing in yeast transformed to express the 
5 preproinsulin or proinsulin * A pair or triplet of 
basic amino acid residues are located distally 
and/or proximally adjacent to the insulin-A- 
chain and the insulin-B-chain portions of the 
sequence which constitute the protein portion of 

10 the precursor preproinsulin and proinsulin 

sequence. The requisite disulfide bonds between 
the insulin-A-chain portion of the sequence and 
the insulin-B-chain portion of the sequence will 
be formed in yeast. (cf . the numerous examples 

15 of disulfide bond formation in yeast disclosed in 

M. Dayhoff, Atlas of Protein Sequence and Structure , 
Vol. 5 and Supplements 1, 2 & 3 (National Biomedical 
Research Foundation, Georgetown University Medical 
Center, Washington, D.C. 20007 (1972, 1973, 1976, 

20 and 1981))). Proteolytic processing at the site 
of such pairs or triplets of basic amino acid 
residues. '.will yield mature insulin from preproinsulin 
or proinsulin containing the disulfide bonds. 

In the absence of disulfide bond formation 

25 between the insulin-A-chain portion of the sequence 
and the insulin-B-chain portion of the sequence, 
proteolytic processing will yield insulin-A-chain 
and insulin-B-chain, which may be caused in turn 
to attach to one another by disulfide bonds by 

30 conventional means to form mature insulin. In 

this case, the insulin-A-chain and insulin-B-chain 
may be considered mature proteins and preproinsulin 
and proinsulin without disulfide bonds may be 
considered a proto-protein according to the above 

35 discussion of proto-proteins. 
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Mature calcitonin contains disulfide bonds 



10 



15 



20 



25 



30 



between the cysteines located at positions 1 and 
7 of the sequence, contains a carbohydrate attached 
at the sequence at position 3, and the proline 
at position 32 has been amidated to pro-amide 
while the glycine at position 33 has been removed. 
Preprocalcitonin and procalcitonin will contain 
the requisite disulfide bonds. (cf. the numerous 
examples of disulfide bond formation in yeast as 
disclosed in Dayhoff, supra ) . A carbohydrate 
will be attached at position 3 in calcitonin. 
Preprocalcitonin and procalcitonin will undergo 
proteolytic processing in yeast transformed to express 
the preprocalcitonin or procalcitonin. A pair 
of basic amino residues are located proximal ly 
adjacent to the 33 amino acid sequence, while a 
triplet is located distally adjacent to the 33 
amino acid sequence. It is expected that 
amidation of the proline located at 32 will 
occur in yeast after the cleavage distall to and 
degradation of the triplet. (cf . numerous examples 
of amidation in yeast as disclosed by Dayhoff, 
supra ) . In the event that a carbohydrate 
differing from the carbohydrate ;of mature calcitonin 
is formed by the yeast, the calcitonin relative 
containing the differing carbohydrate may be 
converted to mature calcitonin by conventional 
means. In the event that amidation following 
cleavage and degradation is suppressed, the 
calcitonin relative lacking the amidation may also 
be converted to mature calcitonin by conventional 
means • 



prepared encoding any proto-protein of interest by 
isolating mBNA from tissues expressing the protein. 
Although many hormone and other protein genes have 



By reverse transcription, cDNA can be 
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already been cloned in E^ coli , yeast has heretofore 
not been the host of choice. cDNA not previously 
cloned in yeast can be rendered compatible with a 
yeast host by proper codon selection (J. Bennetzen & 
5 B. Hall, J ♦ Bio Chem. , Vol, 257, pp. 3026 (1982)) 
and by site specific mutagenesis of the cDNA 
(G. Simmons, et al.,' Nucleic Acid Research , 
Vol. 10, pp. 821 (1982)) . 

Thus, one of the fundamental problems with 

10 producing useful mature proteins by recombinant 

DNA techniques has been simplified in the case of 
mature proteins derived from proto-proteins . 
cDNA, although readily available for most proteins 
by reverse transcription of mRNA isolated from 

15 animal tissue, will express the precursor of the 
mature protein. Yeast, but not E^ coli? , has the 
requisite enzymes to process expressed proto-proteins, 
preproinsulin, or proinsulin to mature protein or 
insulin. 

20 EXPERIMENTAL 

In order to demonstrate the present invention, 
the following experiment was carried out. 

The plasmid YEp-13 was obtained from 
Dr. Steven Henekoff , Fred Hutchinston, Dept. of 

25 Developmental Biology, Seattle, Washington, and can 
be constructed according to J. Broach, et al., 
Gene , Vol. 8, pp. 121-133, (1979). The gene which 
encodes yeast alcohol dehydrogenase 1 was modified 
according to Hitzelman, et al., Nature (London) , 

30 vol. 293, pp. 717-722 (1981), allowing the 

isolation of the transcription signals. These 
sequences, including the cloning site, were 
provided by Dr. G. Ammera. The plasmid YEp-13 
was modified so that the tet R gene of YEp-13 was 

35 interrupted at the Bam Hi site with the yeast alcohol 
dehydrogenase 1 gene promoter and RNA polymerase 
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15 



20 



25 



30 



stop sequences. A Hind III site between the 
latter two elements provided the cloning site. 
These modifications of plasmid YEp-13 were 
accomplished by methods set forth generally in 
U.S. Patent 4,237,224,' supra , and Methods of 
Enzymology , Vols. 65 and 68 wherein such methods 
are reviewed. 

The cDNA sequence coding bovine prepropara- 
thyroid hormone, shown in FIG. 2 and further 
described in B. Kemper, et al., Hormonal Control 
of Calcium Metabolism (Ed, by D. Cohn, et al., 
published Excerpta Medica at Amsterdam, Oxford, 
and Princeton 1981) at pp. 19, was obtained from 
Dr. Byron Kemper, Department of Physiology and 
Biophysics and School of Basic Medical Sciences, 
University of Illinois-Urbana. This cDNA sequence 
was restricted with the enzymes PVU II and Hinf 1 
at the sites shown in PIG. 2. These enzymes were 
obtained from New England Biolaboratories , Beverly 
MA. The Hinf 1 site shown in FIG. 2 was filled with 
nucleotides using the enzyme DNA polymerase 1 
(the large fragment) which was obtained from 
New England Nuclear, Boston, MA. This modified 
sequence was then blunt-end ligated to Hind III linkers 
and restricted with the enzyme Hind III. The 
Hind III linkers and Hind III enzyme were obtained 
from New England Biolaboratories, supra . The 
resulting DNA fragment was then ligated into the 
Hind III site of the modified plasmid YEp-13 
forming a novel plasmid. This plasmid was designated 
pYEM-1. FIG. 3 shows certain portions of the 
nucleotide sequence of pYEM-1. The foregoing 
construction of pYEM-1 was accomplished by methods 
set forth generally in U.S. Patent No. 4,237,224, 
supra , the BLR M13 handbook, and Methods of 
Enzymology , Vols. 65 and 68 wherein such methods are 
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reviewed. 

After constructing pYEM-1, yeast cells 
were transformed with the plasmid using the methods 
of Beggs, Nature (London) , Vol. 275, pp. 104-109 
5 (1978) and Hinnen, et al . / Proc. Natl'. Acad/ of 

Sci. USA , Vol. 75, pp.. 1929-1933 (1978). Because 
pYEM-1 has the yeast leu 2 gene, the use of a 
leu 2 negative strain of yeast was used in the 
transformation for the purposes of selecting 
10 successful trans formants. Yeast strain, X1069-2D, 
a strain of Saccharomycfes; 'cerevisiae defective 
in leu-2 function, was obtained from the Yeast 
Genetic Stock Center,. Univ. of Calif orinia- 
Berekeley. 

15 of course any other defective yeast strain, 

including strains within' Saccharomyces pombe and 
other species, could be used. All that is required 
is that a complementation system be established 
between the yeast strain and the cloning/expression 

20 vector and that the vector be stabily maintained 
in yeast. For example, a Trp 1 strain could be 
used if the Trp 1 gene was on the vector. To 
date, several stable transformation systems have 
been described. (A. Hinnen and B. Meyhack, 

25 Current Topics in Microbiology and Immunology , 
Vol. 96, pp. 101-117 (1981); C. Hollenberg,- 
Current Topics in Microbiology and Immunology , 
Vol. 96, pp. 119-144 (1981)). 

The transformed yeast cells containing 

30 plasmid pYEM-1 were grown in a leucine deficient 
media containing 5% glucose, yeast extract, 
yeast nitrogen base and other nutrients suitable 
for yeast strain X1069-2D. After 24 hours of 
growth at 30 °C, the media was collected and the 

35 yeast cells lysed. Bioassay was performed 

according to conventional techniques and PTH 
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radio immunoassay was performed using Immuno 
Nuclear Corporation (Stillwater/ MN) assays 
specific to the N- terminal , mid-molecule, and 
C-terminal regions of parathyroid hormone. The 
following table shows that both immunologically 
cross-reactive parathyroid hormone and biologically 
active parathyroid hormone is being produced in 
yeast. 



10 



TABLE 



15 



PTH PTH PTH 
N- Mid- C- 
terminal molecule terminal Bioassay* 
RIA* region RIA* RIA* 



Cell lysate 
pYEM-1 
control 

Media 

pYEM-1 
control 



16 

0 



2 
0 



16 
0 



2 
0 



16 
0 



2 
0 



20 



^expressed in nanomoles/ml 



10 
0 



0.015 
0 



To confirm that correct processing had 
occurred, 50 ml of culture was prepared in which 
the parathyroid hormone producing yeast were 

25 grown in media containing methionine 

(80 y ci/ml) . After an overnight growth the 
cells were removed by centrifugation. The media 
was then incubated with specific N-terminal 
parathyroid hormone antibody. After two hours 

30 the antibody-antigen complex was recovered by 
centrifugation and washed three times with new 
media followed by an ether wash. This complex 
contained about 7,000 cpm of 35 S methionine 
incorporated into protein after TCA precipitation. 

35 This mixture was applied to a Beckman 89 0D 
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sequencer according to the methods of Mahoney 
and Nute, Biochem. Vol. 19, pp. 4436 (1980)" and 
subsequently degraded 40 cycles. Sequence analysis 
demonstrated that the methionine was all 
5 contained in cycles number 8 and 18. In mature 
PTH, methionine appears only at positions 
8 and 18 in the sequence. If preproparathyroid 
hormone expressed by the yeast was left unprocessed, 
we would expect 35 S methionine in cycles 1, 2, 

10 7, 11, 14, 49, and 59 reflecting the appearance 
of methionine at positions -31, -30, -25, -21, 
-18, +8, +18 in the preproparathyroid sequence. 

The novel microorganism. yeast strain 
X1069-2D transformed by novel plasmid pYEM-1, 

15 designated Xl069-2D-pYEM-l, was placed on permanent 
deposit in the Northern Regional Research Center, 
U.S. Dept. of Agriculture, Peoria, Illinois 
61604 on September 8*, 1982. The NRRL number for 
XlQ69-2D-pYEM-l is Y-15153. The plasmid pYZM-1 

20 and the transfer vector contained therein may be 
removed from this novel yeast strain by known 
means . 

While the invention has been described in 
connection with a specific embodiment thereof, it 
25 will be understood that it is capable of further 
modifications and this application is intended to 
cover any variations uses, or adaptations of the 
invention within the scope of the appended claims. 
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CLMMS 



A method for producing protein in yeast 



transformed to express a corresponding precursor 
containing a pair or triplet of basic amino acid 
residues located proximally and/or distally adjacent 
to the protein portion of the precursor sequence, 
comprising proteolytic processing by the yeast 
of the precursor at the site of such pairs or 
triplets of basic amino acid residues. 

2. The method of claim 1 wherein the proteolytic 
processing by yeast of the precursor at the site 

of such pairs or triplets of basic amino acid 
residues comprises cleaving, by a trypsin-like 
enzyme or enzymes present in the transformed yeast, 
at the distal side of such pairs or triplets of 
basic amino acid residues. 

3. The method of claim 2 wherein the proteolytic 
processing by yeast of the precursor at the site 

of such pairs or triplets of basic amino acid 
reslduas further comprises degrading, by a carboxy- 
peptidase-B-like enzyme or enzymes present in the 
trans formed yeast, of any such pairs or triplets 
of basic amino assay residues r em ai n ing distally 
adjacent to the protein portion of the precursor 
sequence" after the cleavage by the trypsin-like 
enzyme or enzymes. 

4. The method of claim 1 wherein the corresponding 
precursor is a proto-protein. 

5. The method of claim 4 wherein the proto- 
protein is source synthetic proto-protein. 
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6 . The method of claim 4 wherein the proto- 
protein is source natural proto-protein. 

7. The method of claim 6 wherein the source 
natural proto-protein is bovine preproparathyroid 
hormone. 

8. The method of claim 1 wherein the protein 

is mammalian insulin and the corresponding precursor 
is mammalian preproinsulin or proinsulin. 

9. The method of claim 8 wherein the 
mammalian insulin and mammalian preproinsulin 

or mammalian proinsulin are members respectively 
of the group consisting of human insulin and 
human preproinsulin or human proinsulin, 
bovine insulin and bovine preproinsulin or 
bovine proinsulin/ and porcine insulin and porcine 
preproinsulin or porcine proinsulin. 

10 • The method of claim 1 wherein the protein 
is animal calcitonin or an animal calcitonin 
relative and the precursor is animal preprocalcitonin 
or animal procalcitonin, 

11. The method of claim 10 wherein the animal 
calcitonin or animal calcitonin relative and the 
animal preprocalcitonin or animal procalcitonin 
are members respectively of the group consisting 
of human calcitonin or human calcitonin relative 
and human preprocalcitonin or human procalcitonin, 
bovine calcitonin or bovine calcitonin relative 
and bovine preprocalcitonin or bovine procalcitonin, 
and porcine calcitonin or porcine calcitonin 
relative and porcine preprocalcitonin or pro- 
calcitonin. 
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12 • The method of claim' 1 wherein the yeast 
is Saccharomyces cerevisiae or Saccharomyces 
pombe • 

13. The method of claim 12 wherein the yeast 
is Saccharomyces cerevisiae. 

14. A recombinant DNA plasmid transfer vector 
useful for transforming yeast comprising a 

DNA sequence comprising the preproparathyroid 
gene cDNA sequence. 

15. The plasmid pYEM-1 

16. Yeast transformed by a plaamid comprising 
the transfer vector of claim 14. 

17. Yeast transformed by the plasmid of 
claim 15. 
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ABSTKACT The sequence, of the amino-terminal 37 
residues of human parathyroid hormone has been estab- 
lished. The hormone used in these studies was isolated in 
highly purified form from parathyroid adenomata and 
was subjected to automated degradation in a Dcckman se- 
quencer. A high-sensitivity sequencing procedure employ- 
ing w S-labclcd phcnylisothiocyanatc of hip!? specific ac- 
tivity as the coupling agent was used. The sequence ob- 
tained differs from that of bovine parathyroid hormone in 
three of the fi rst 37 positions, and from tha t of porci tie para- 
thyroid hormone in two positions. A single human-specific 
residue was found (asparagine 16). The sequence obtained 
differs at three positions (22, 28, and 30) from the structure 
for human parathvroid hormone reported recently by 
Brewer ct al. [(1972) Proc. i\at. Acad. Sri. USA 69,3585-35881 
and synthesized by Andreatta ct al. [(1973) Hetv. Chint. 
Acta, 56, 470-473] We have carefully reviewed our data, re- 
ported here in detail, on the sequence positions in dispute. 
We must conclude, on the basis of all available data, that 
the structure that we propose is the correct structure. The 
objective resolution of these discrepancies in structural 
analysis through further chemical and immunochemical 
studies is important, since synthesis of human parathyroid 
hormone, in which there is widespread interest for physio- 
logical and clinical studies, must be based on the correct 
sequence of the human hormone if the peptide is to be 
genuinely useful. 

Substantial advance:- have been made in recent years in our 
knowledge of parathyroid hormones, through studies of pri- 
mary structure (1-3), structural requirements for biological 
activity (4, 5), biosynthesis (6-8), and metabolism (0-14). 
Most of these studies, including the development and applica- 
tion of radioimmunoassays capable of measuring plasma 
parathyroid hormone levels in man, have depended di- 
rectly or indirectly upon the use of the bovine and porcine 
hormones. Purified human parathyroid hormone (HPTH), 
on the other hand, has been available in microgram quanti- 
ties, sufficient only for limited studies of its chemical and im- 
monological properties (15). 

Recent improvements in extraction and isolation tech- 
niques, and the development of high-sensitivity methods for 
peptide sequence analysis have permitted us to determine the 
amino-acid sequence of the amino-terminal biologically active 
portion of HPTH (Fig. 1). 

After the submission -for publication in abstract form of our 
findings for the X-terminal 31 residues of HPTH (24), the 
report of Brewer ct al. (29) of their own independent s true- 
Abbreviations : HPTH, human parathyroid hormone; PTH, 
phenyl! hiohydantoin; TLC, thin-layer chromatography; MIH, 
mono-iodohistidine; DIM, di-iodohistidine. 



tural studies on HPTH was published. Marked discrepancies 
between the two structures, which differ in three of the first 
30 residues, have prompted us to reexamine our data for each 
cycle of the several degradations performed with the phe- 
nylisothiocyanate method. 

We now report in full the strategy and methods used in our 
sequence analysis as well as the quantitative aspects of the 
results and discuss the nature, implications, and possible ap- 
proaches to resolution of the differences between the findings 
of Brewer ct al (29) and ourselves concerning the sequence of 
the amino-terminal portion of human parathyroid hormone. 

MATKKIALS AND METHODS 

The HPTH used in these studies was extracted from 500 g 
of pooled human adenoma tissue by use of 8S% phenol, fol- 
lowed by treatment with 6% NaCl and precipitation with 
trichloroacetic acid (15, 16). The hormone was further puri- 
fied by gel filtration on Bio-Gel P-100 (Bio-Rad Labora- 
tories, Richmond, Calif.) and ion-exchange chromatography 
on carboxymethyl-ccllulosc (Whatman CM-52; Reeve Angel 
Co., Summit, X.J.) (16). Hormone purification was monitored 
by radioimmunoassay (11). 

Automated Ed man degradations were per formed on the 
Bookman model S90 sequencer (Bookman Instruments, Palo 
Alto, Calif.) using the single-coupling, double-cleavage 
method of Edman and Bcgg (17), and other procedures re- 
cently described (18). Manual Edman degradations were per- 
formed as previously described (19). Reagents and solvents 
were obtained from Beckman Instruments. 3S $-Labclcd 
phcnylisothiocyanatc was obtained from Amcrsham/Soarlc 
(Arlington Heights, 111.). 

The phcnylthiohydantoin (PTH) derivatives were identi- 
fied by thin-layer chromatography (TLC) on silica gel plates 
(Analtech, Inc., Newark. Del.) (17, 20) and by gas-liquid 
chromatography (21) using a two-column system (10% DC- 
560 and 1.5% AX-600). PTH-histidinc was identified by the 
Pauly reaction (22) and PTH-arginine by the phenanthrene- 
quinone reaction (23). Quantitative yields of the PTH-amino- 
acid derivatives at each cycle of degradation were determined 
by comparison with known standards on gas-liquid chroma- 
tography. The [ 35 S]PTH-amino acids were separated by TLC; 
the radioactive spots were identified by autoradiography and 
quantitated in a Packard model 3375 liquid scintillation 
counter (Packard Instrument Co., Downers Grove, 111.). 

Mono-iodohistidine (MIH) and di-iodohistidine (DIM) 
were synthesized by the method of Brunnmgs (25) using the 
modifications of Savoie ct al. (26). The phcnylthiohydantoin 
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Table 1. Automated Edman degradation of native HPTH 



PTII-amino acids 



PTH-amino acids 



Cvcle 


Found 


Yield 
(nmol) 


Cycle 


Found 


Yield 
(nmol) 


1 


Ser 


80.0 


21 


Val 


23.8 


2 


Val 


130.2 


22 


Glut 


10.5 










Thr 


7.3 


3 


Ser 


85.3 


23 


Trp 


10.1 


4 


Glu 


71.4 


24 


Leu 


18.7 


5 


lie 


108.6 


25 


Arg 


13.0 


6 


Glu* 


20.7 


26 


Lys 


14.6 




Gin 


35.0 








7 


Leu 


97.5 


27 


Lys 


15.9 


8 


Met 


51.5 


2S 


Leu 


11.0 


9 


His 


42.3 


29 


Glu* 


3.1 










Gin 


2.8 


10 


Asp* 


3U.0 


30 


Asp 


4.5 




Ash 


20.1 








11 


Leu 


97.5 


31 


Val 


9.1 


12 


Giy 


47.5 


32 


Serf 
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* Partial deamidation during the conversion reaction accounts 
for the presence of the free acid as well as the amide form at posi- 
tions G and 29 (glut amines) and positions 10, 16, and 33 (aspara- 
gines). 

t See text for discussion. 

X TLC identification. 

derivatives of M1H and DIH wore .prepared as described by 
Edman (27). PTH-MIH and PTH-DIH were separated from 
all other PTH-a mi no-acid derivatives by TLC in the solvent 
svstem n-butvl acetate : water : propionic acid:formamidc 
(240:200:30:60). PTH-[ 123 I]MIH and PTH-[ 123 I]DIH were 
identified by cochromatography with their respective l27 I de- 
rivatives followed by autoradiography, and quantitated by 
counting in a Packard model 3001 gamma well spectrometer. 
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Fig. 1. The amino-terminal 37 residues of human parathyroid 
hormone. 



Cleavage of the hormone with cyanogen bromide (CXBr) 
was carried out in 70% formic acid for 12 hr, 20° , with a 1 00-fold 
molar excess of CXBr. Digestion with TPCK-trypsin (Worth- 
ington Biochemical Corp., Freehold, N.J.) was performed in 
0.2 M trimethylamine acetate buffer (pH 9.2) at 37°. for a 
period of 2 hr using an enzyme-to-substrate ratio of 1/100. 

RESULTS 

Purified HPTH (140 nmol) was subjected to automated 
Edman degradation for 40 cycles. The PTH-amino acid de- 
rivatives identified at each cycle of this degradation, and 
their yields, are presented in Table 1. To illustrate repetitive 
yield these results are also plotted in Fig. 2. 

As shown in Table 1, unique amino-acid assignments, and 
quantitation of the single residue identified, were possible at 
all but two of the first 37 cycles of this degradation. At cycle 
22, evidence was obtained for two residues, threonine and 
glutamic acid. Since the quantitative recovery of both of these 
residues can be low, further experiments were performed 
prior to definitive assignment of position 22. At cycle 32. ;i 
rise in PTH-serine above background levels was observed. 
However, its yield (Table 1) was considerably below that ex- 
pected, even for the labile phenylthiohydantoin derivative of 
serine (18). Although histidine is present at this position in 
porcine and bovine parathyroid hormones, this residue could 
not be detected either by the Pauly method or by a definite 
increase in radioactivity associated with [ 3S S]PTH-histidine 
at this cycle. However, since the overall yield at this stage of 
the degradation was near the detection limits for histidine by 
these methods, further experiments were performed prior to 
assignn ent of this position. 

The presence of methionine at positions 8 and IS of the na- 
tive hormone accounted for both methionines found by amino- 



Fig. 2. Yields of phenyl thiohydantoin- 
amino acids obtained during automated de- 
gradation of native human parathyroid hor- 
mone. Sec Table 1 and text 
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Table 2, 



3 *> 



CYCLE 



NUMBER 



Tic. 3. Release of radioactive ( 15i I-1abeled) phenylthiohydan- 
toin derivatives of mono- and di-iodohistidinc during automated 
degradation of IM I-lahelcd human parathyroid hormone. The 
break in the horizontal axis is introduced to simplify the presenta- 
tion. Xo significant release of histidinc-assoeiatcd radioactivity 
was seen in cycles I7-2X. f 1SS I] ITist icline was found at cycles 0. 
14, and 32, indicating the presence of hisiidinc at these positions. 
See frxt. Numbers on the ordinate* are to be multiplied by the in- 
dicated factors to obtain the experimental values. 

acid analysis (16). This indicated that cleavage of the human 
hormone with C^'Br should result in generation of throe 
principal peptides representing residues 1-8, 9-18, and 19- 
earboxyl terminus of the native hormone. HPTH (27 nmol) 
was cleaved with CXBr and the unfractionatcd peptide mix- 
ture subjected to 10 cycles of Edman degradation. The results 
are presented in Table 2. The expected three end-groups. 
Ser 1 , His 9 , and Glu'* 9 were identified at cycle one of the degra- 
dation. At cycle 4 of the degradation, corresponding to resi- 
dues 4. 12, and 22 of the intact hormone, only PTH-Glu and 
PTH-Gly were observed in significant yield. Xo threonine 
was detected at this cycle. Therefore, glutamic acid was as- 
signed as residue 22 of native TIPTII. The significance of the 
finding of threonine in the ammo-terminal degradation re- 
mains uncertain. As can be seen in Table 2. the results of the 
CNBr mixture analysis also provided complete confirmation 
of all residue assignments made on the basis of the amino- 
tcnninal degradation on intact IIPTH. 

Since the limited supply of purified HPTII excluded the 
use of conventional protein chemical methods for reexamina- 
tion of position 32, an alternative radioactive micro-method 
was developed to permit detection of histidine residues. Puri- 
fied IIPTH fO.75 ^g) was iodinated with by a modification 
of the Hunter-Greenwood procedure (2S). Unlabeled bovine 
parathyroid hormone was then added as carrier and the mix- 
ture was degraded in the sequencer. At each cycle, the radio- 
activity migrating with PTII-[' 27 I ]MI1I and PTII-[ ,27 I JDIH 
on TLC was determined. These data (Fig. 3) demonstrate 
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CYCLE NUMBER 

Vic. 4. Belcase of radioactive ( IB T-!abelcd) phenyl thiohydan- 
totn derivatives of mono- and di-iodohistidine during degradation 
of a trypiic. digest of iodinated IIPTH. p»I| Histidine was re- 
leased at cvcles 1 ami .♦. See text. 
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* Identification by Pauly reaction. 

f Identification by phenanthrenequinone reaction. 

% Identification by thin-layer chromatography. 

§ Presence of methionine at cycle 8 with the following four resi- 
dues obtained at. cycles 0-12 indicates that cleavage of the Mei 8 - 
His 9 bond by cyanogen bromide was incomplete. Residues from 
1 his sequence, presumably represen ting the 1-18 peptide fragment , 
could not be detected subsequent to cycle 12. 

^ Histidine, subsequently found to occupy portion 32 (see text) 
was not detected at the expected cycle (number 14) of this 
degradation. 

the presence of histidine at cycle 32, and confirm the histidine 
at cycles 9 and 14. 

To confirm these results further, and in particular to ex- 
amine the differences between Brewer ct al. (29) and ourselves 
concerning the nature of residue 28, iodinated HPTII was 
digested with trypsin and then subjected to Edman degrada- 
tion for seven cycles. The PTH derivatives of [ ,5i l]MlH and 
[ 12:, I]DIH were found at cycles 1 and 5 of the degradation 
Fig. 4). The histidine at cycle 1 further confirmed the 
Lys n -His 14 sequence already determined. The finding of his- 
tidine at cycle 5 would be predicted on the basis of tryptie 
cleavage carhoxyl to Lys 27 , and therefore both supports the as- 
signment of His 32 and argues against the report of Brewer ci al. 
(29) that residue 28 is lysine. 

DISCUSSION 

The amino-terrninal sequence we propose for HPTH differs 
from that of both the bovine and the porcine hormones. 
HPTII differs from bovine parathyroid hormone (Fig. 5) at 
positions 1, 7, and 16. The porcine and human hormones differ 
at positions 16 and IS. Asn 16 is the only unique residue found 
in the active region of human parathyroid hormone. 

Unexpectedly, our structure differs at three positions from 
that recently proposed by Brewer et ah (29) for the amino- 
terminal 34 residues of HPTH. They report residue 22 to be 
glu tarn me. residue 2S to be lysine, and residue 30 to be leucine. 
If correct, all these changed residues would be unique to the 
human hormone. In contrast, we .find residue 22 to be glutamic 
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5 10 




Fig. o. Comparison of the amino-terminni sequences of por- 
cine, bovine, and human parathyroid hormones. The central con- 
tinuous sequence is that of the human hormone (residues 1, 7, and 
16). Residues differing in the bovine hormone are stippled: those 
differing in porcine parathyroid hormone (1G and IS) arc hatched. 



acid, residue 2S to be leucine, and residue 30 to be aspartic 
acid. The residues we have identified are identical with those 
at the corresponding positions in both the porcine and bovine 
hormones. 

Since both groups have isolated the hormone from essen- 
tially similar sources, i.e., human adenoma tissue pooled from 
many centers, the possibility that there are two hormonal 
forms. which differ as markedly as those of the two proposed 
sequences is highly unlikely. 

We have carefully reexamined our data from both degrada- 
tions with particular emphasis on the positions in question. 
In neither degradation was any glutamine observed at cycles 
corresponding to residue 22. Glutamine and asparagine can 
undergo deamidation during degradation. However, in. both 
degradations (Tables 1 and 2) glutamine and asparagine resi- 
dues were detected at cycles beyond position 22. making it 
implausible that the glutamic acid detected at position 22 
was originally glutamine. At cycles corresponding to residues 
2S and 30. leucine ami aspartic acid were clearly identified 
by their predominant yields (Tables 1 and 2). The relative 
rise in yield of these residues above and subsequent fall to 
background levels is shown in Fig. 6. 

In automated Edman degradation the phenomenon of in- 
creasing overlap, which tends to be cumulative from cycle 
to cycle, has been well documented (17, IS, 30). Edman and 
Begg have, however, found that use of a double-cleavage 
program can limit this overlap to relatively low levels (17) 
even in extended degradations. In our amir:v-terminal deg- 
radation, which employed such a double-cleavage program, 
overlap rose from 4.5% at cycle 12 to 14.5% at cycle 2S. 
Brewer et al. reported quantitative data only at position 12; 
their data permit the calculation that there was a 32% overlap 
at this early phase of degradation. The natural increase of this 
already substantial overlap, particularly in view of their use 
of a single-cleavage program, would make assignment of re- 
peating residues at later cycles of the degradation, such as the 
putative Lys 2 * in a sequence Lys M -Lys- 7 -Lys M , particularly 
hazardous. 

If, as proposed by Brewer et al. (29), residue 28 is" lysine, 
tryptic digestion of [ l25 I]H PTII would lead to cleavage of the 
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Fig. 6. Yields of PTH-leucine at cycles 26-30 and of PTH- 
aspartic acid at cycles 2S-32 obtained during automated degra- 
dation of native human parathyroid hormone. A sharp rise above 
background levels is seen at cycle 2S for leucine and at cycle 30 
for aspartic acid. See text. 

hormone carboxyl- terminal to residue 28. Therefore, the 
PTH derivatives of [ m I]MIH and [ li5 I]OIH corresponding 
to His 32 would be released at the fourth cycle of degradation, 
rather than the fifth. Clearly, however, hisiidine is released 
only at the first and fifth cycles (Fig. 4). 

Ultimate resolution of the differences in the proposed 
structures must await further studies. However, a comparison 
of our results and methods with the published results and 
methods of Brewer et al. (29) leads us to conclude that our 
proposed structure based on a variety of approaches is more 
likely to be correct. 

Tests of the biological and immunological properties of 
synthetic peptides corresponding to our structure find to the 
structure proposed by Brewer et at. (29) for the amino-terminal 
portion of human parathyroid hormone may prove helpful in 
objectively resolving the discrepancies in the structures 
proposed. The marked differences, which include a change in 
net charge of three within a sequence of nine residues, might 
affect biological activity. Even more likely is the possibility 
that such charge differences will result in clear-cut differences 
in immunoreactivity when the synthetic peptides based on 
the two proposed structures are each compared with native 
human parathyroid hormone in their ability to combine with 
antisera directed against the amino-terminal region (11). 

If the structure of Brewer and associates is, as we believe, 
incorrect, use of antisera generated against the corresponding 
synthetic peptide for radioimmunoassay studies could con- 
fuse rather than aid attempts to more accurately measure 
1 1 PTH or to understand the complex pattern of metabolism 
of parathyroid hormone (11). A preliminary immunoassay 
study based on the peptide of Brewer et al. (29) and Andrcatta 
et al. (34) has already been published (35). Clearly it is ex- 
tremely important to establish whether our sequence or that 
of Brewer et al. (29) represents the native HPTH structure 
before various laboratories embark on extensive immuno- 
logical studies using synthetic IT PTH peptide. 

An amino-terminal tetratriaconta peptide based on the struc- 
ture proposed here has been synthesized by the solid-phase 
method (31). Studies of the potency of this peptide as mea- 
sured in vitro by activation of renal-cortical adenylate cyclase 
indicate that its activity is 1030 units/mg, closely equivalent, 
on- a molar basis, to the potency of 350 units/mg (10) for 
native human parathyroid hormone in this assay. Assays in 
vivo using the chick hypercalcemia assay (32) indicate a po- 
tency of 7000 units/mg, an activity identical to that of the 
bovine peptide 1-34 (no native human parathyroid hormone 
was available for assay in this system). 
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The immunological activity of the synthetic peptide has 
been examined with several antisera directed against the 
amino-terminal region of parathyroid hormone. Tests against 
antiserum 199 (33) a«d GP-1 (11) indicated, that reactivity 
on a molar basis of our synthetic peptide was identical qualita- 
tively and quantitatively to that of the native human hormone. 
No details have been reported on the specific biological or 
immunological activity of the synthetic peptide of Andrcatta 
et al. (34), whose structure was based on the structure re- 
ported by Brewer et al. (29). Comparisons based on detailed 
biological and immunological tests of the two synthetic pep- 
tides in various laboratories should be of considerable interest. 

Our present findings carry several implications for the struc- 
tural and comparative immunochemical studies of human 
parathyroid hormone. The sequence of HPTH we find is 
identical with that of either the bovine or porcine hormone at 
36 of the first 37 residues; the changes found do not affect net 
charge and do not greatly alter physicochemical properties. 
Hence, although some improvement* in detection of human 
parathyroid hormone might result from use of antisera di- 
rected against the amino-terminal sequence of the human 
hormone, the improvements, in our view, might not be large. 
In fact, the success encountered already in numerous labora- 
tories in detection of the human hormone with immunoassays 
based on the bovine molecule is consistent with the overall 
chemicai similarity found in the amino-terminal sequences of 
the three species of parathyroid hormone. 

On the other hand, previous immunochemical and analytical 
evidence (11, 15, 16) indicates that more marked differences in 
structure between bovine and human hormones are likely to 
be found in the carboxyl-terminal region. Since a large car- 
boxy I-terminal fragment appears to be the major form of im- 
munoreactive parathyroid hormone in the human circulation 
(11), antisera that recognize the carboxyl end of the human 
hormone are most likely to significantly improve immuno- 
assay sensitivity. Further sequence studies on HPTH, fol- 
lowed by synthesis of selected peptides from the carboxyl- 
terminal two-thirds of the molecule, may well result in anti- 
sera considerably more sensitive for detection of human 
parathyroid hormone. 
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abstract: A pure preparation of human parathyroid hormone 
has been isolated using as starting material 500 g of pooled 
gland tissue removed at surgery. Following initial extraction 
of the acetone-dried parathyroid tissue by means of phenol, a 
trichloroacetic acid precipitate was obtained which contained 
4% hormone by radioimmunoassay. Further purification of 
the initial CCIiCOOH precipitate was achieved by poly- 
acrylamide gel filtration followed by a final step of ion- 
exchange chromatography. Repeat extractions of the original 
tissue residue provided an additional yield of hormone, al- 
though the hormone content of most of these CCl 3 COOH 
preparations was lower. Additional ion-exchange chromato- 
graphic steps were needed for final purification of hormone 
derived from these repeat tissue extractions. The purified 
human hormone preparations from the various extractions 



were, however, found to be identical chemically and immuno- 
logically. An overall yield of 3.2 mg of purified hormone suit- 
able for structural studies was obtained, sufficient for sequence 
analysis of the biologically active amino-terminal portion of 
the molecule. The biological activity by in vitro renal adenylyl 
cyclase assay is 350 units/mg, considerably lower than that 
of the hormone from the bovine species. The amino acid com- 
position of human parathyroid hormone bears considerable 
resemblance to that of bovine and of porcine hormone. There 
are, however, a number of compositional differences which 
have not been accounted for in the sequence of the amino- 
terminal region. This indicates that when structural studies of 
the carboxyl-terminal portion are undertaken, they will 
reveal several sequence positions which arc unique to the 
human hormone. 



Evidence from several laboratories suggests that the state 
of parathyroid hormone in trie circulation, especially in certain 
disease states, may be very complex (Habener et at., 1971; 
Canterbury and Reiss, 1972; Segre et at., 1972; Goldsmith 
et at., 1973; Silverman and Yalow, 1973). Application of the 
radioimmunossay to measurement of parathyroid hormone 
in the peripheral circulation has demonstrated the presence of 
multiple fragments in addition to the intact hormone. The 
possible contribution of large precursor forms (Cohn et at., 
1972; Habener et at., 1972) to the spectrum of immunoreac- 
tive hormone may further complicate this picture. 

Attempts to clarify the nature of circulating human hor- 
mone and to ascertain the significance of the various hormonal 
fragments have thus far relied principally on radioimmuno- 
assay systems and structure-function studies based on the 
bovine and porcine hormones. These problems have empha- 
sized the need for knowledge of the chemical structure of 
human parathyroid hormone (HPTH). 1 

The structural analyses previously carried out on the hor- 
mone from bovine (Brewer and Ronan, 1970; Niall et at., 
1970) and porcine (O'Riordan et at., 1971a) species benefitted 
from the availability of gland tissue obtained from slaughter- 
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house sources. The study of human parathyroid hormone 
(Arnaud et a!., 1970; O'Riordan et at., 1971b) has been limited 
by the extremely small quantities of available starting material : 
parathyroid tissue removed at surgery. Using this source, 
O'Riordan et at. (1971b) isolated 0.5 mg of purified hormone, 
sufficient for preliminary immunological and chemical char- 
acterization. It was observed, however, that throughout the 
isolation procedure the recoveries of hormone were con- 
siderably lower than those obtained during isolation of bovine 
or porcine hormone. These problems have stressed the need 
not only for efficient extraction and purification procedures, 
but also for the application of precise and economical methods 
for monitoring recoveries and purity throughout the isolation. 

Recently, accumulation of sufficient quantities of human 
parathyroid tissue has permitted the resumption of efforts to 
characterize the human hormone, and, as a result, sequence 
analysis of the biologically active amino-terminal region has 
been reported by two groups of investigators (Brewer et at., 
1972; Niall et at., 1974). To be described here is our procedure 
for the extraction and purification of hormone from 500 g of 
human gland tissue, using several modifications designed to 
improve recoveries. In the course of the work, compositional 
analyses of the hormone and an assessment of its biological 
activity have also been carried out. 

The purified hormone obtained was sufficient for sequence 
determination of the amino-terminal 37 residues of the mole- 
cule (Niall et at., 1974). Since the structural analysis of the en- 
tire carboxyl-terminal portion remains to be done, the infor- 
mation described in this report should be useful in planning 
and carrying out future hormone purifications when sufficient 
tissue again becomes available. 

Materials and Methods 

Parathyroid Tissue. The human parathyroid tissue used 
consisted predominantly of adenomas but also included hy- 
perplastic tissue from patients with primary and secondary 
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hyperparathyroidism. This material was obtained through the 
cooperation of a large number of medical centers in the 
United Kingdom, United States, and several European 
countries. The tissue was frozen on dry ice immediately upon 
surgical removal, and stored at —20° or below until used. 

Extraction Procedure. The procedure followed for extrac- 
tion of a crude hormone preparation from the pooled gland 
tissue is outlined in Figure 1 . The tissue was first homogenized 
in acetone at —20° and filtered. The residue was defatted by 
homogenization in hexane, followed by filtration and washing 
with acetone, all at -20°. The resulting powder (AP, Figure 1) 
was kept overnight in an evacuated desiccator, and processed 
into a trichloroacetic acid precipitate (CC1|CXX)H-HPTH) 
after extraction with phenol, by means of a procedure derived 
from that described originally by Aurbach (1959). 

The acetone powder was suspended in 1 1. of 90% phenol 
containing 0.5% 2-mercaptoethanol. The suspension ,vas 
diluted out with 5 1. of 20% acetic acid in acetone, 13 ml of 4 
m sodium chloride was added and, after standing for 1.5 hr, 
the suspension was filtered in the presence of Celite. 

The residue was saved and ultimately subjected to repeat 
extractions, as outlined in the Results section and in Figure 1. 
The filtrate was treated by gradual addition of ether and col- 
lection of the resulting precipitate (AE, Figure 1). The ether 
powder was resuspended in glacial acetic acid in the presence 
of cysteine-HCl, diluted with water, and centrifuged. The 
precipitate was saved for reprocessing later while the super- 
natant was made to 6 % (w/v) with sodium chloride. 

The precipitate formed upon addition of the salt was sep- 
arated by centrifugation, resuspended, and again treated with 
sodium chloride. The combined salt supernatants (AS, Figure 
1) were made to 4% in trichloroacetic acid and the resulting 
suspension was centrifuged. The CCUCOOH precipitate (AT, 
Figure 1) was resuspended in acetic acid and the CCl,COOH 
removed by addition of IRA-400 acetate resin (Rohm and 
Haas, Darmstadt, Germany). When the solution had com- 
pletely cleared, it was passed through a 1.5 X 20 cm column 
of 1R A-400 and the eluate was lyophilized. 

Measured aliquots were removed at successive stages of the 
extraction (AE, AS, AT; Figure 1) for radioimmunoassay, 
and *. weighed aliquot of the acetone powder starting material 
(AP, i .gure I) was also retained for assays to assess overall 
recovery. 

A 20-mg aliquot of CCUCOOH precipitate from the initial 
extraction (AT-1) was also retained for calibration against the 
purified hormone, for use as a future radioimmunoassay 
standard for HPTH. 

Gel Filtration. A 2.5 X 130 cm column of Bio-Gel P-100 
(Bio-Rad, Riverside, Calif.) was equilibrated with 0.14 m 
ammonium acetate (pH 4.9) at 4°. The column was presat- 
uratcd by application of 500 mg of a CCliCOOH precipitate 
of bovine parathyroid hormone (BPTH) containing about 50 
mg of hormone. The BPTH was eluted with the same buffer 
and then 2 I. (four column volumes) of buffer was allowed to 
pass through the column before application of any HPTH. 

A flow rate of 20 ml/hr was used in all runs. Optical density 
of eluate tubes was read at 250 and 280 m/i using the Beckman 
DB-G spectrophotometer (Beckman Instruments, Fullerton, 
Calif.). Elution of hormone was defined by radioimmuno- 
assay, and the appropriate tubes pooled and lyophilized 
twice. 

Ion-exchange chromatography was carried out using a 0.9 x 
10 cm column of carboxymethylcellulose (CMC) (Whatman 
CM-52; Reeve-Angel, Inc., Clifton, N. J.). Prior to use for the 
human hormone, the CMC column was presaturated by 
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figure 1 : Outline of procedure for extraction of parathyroid hor- 
mone from pooled human gland tissue. Code designations for various 
reextracts of the phenol residue and ether powder (described in 
the text) appear along left margin. 



chromatography of 20 mg of partially purified (Sephadex 
grade) bovine parathyroid hormone. After elution of the 
BPTH with high ionic strength buffer, the column was ex- 
haustively reequilibrated with the starting buffer, 0.01 m 
ammonium acetate (pH 4.9, conductivity 0.6 mmho). The 
lyophilized human hormone pool from P-100 chromatog- 
raphy was applied in the same buffer, and a linear gradient 
of increasing conductivity established at 4° by means of a 
Varigrad gradient maker (Buchler Instruments, Fort Lcc, 
N. J,), using 0.2 m ammonium acetate (pH 6.0, conductivity 
12.5 mmhos) as second buffer. The most satisfactory linear 
gradient was achieved by use of two chambers (each 90 ml) of 
starting buffer and a third chamber (also 90 ml) of second 
buffer. Following completion of the gradient, 1 m ammonium 
acetate (pH 6.5, conductivity 30 mmhos) was allowed to run 
through the column. All conductivity measurements were 
taken at 20° using the Radiometer (Copenhagen) Model 
CDM-2c conductivity meter. 

For CMC chromatography employing buffers in 8 m urea, 
the buffer constituents were added to the freshly deionized 
urea immediately before chromatography, which was carried 
out at room temperature. Column dimensions and buffer 
parameters were otherwise the same as described above. 

Radioimmunoassays. Recoveries of hormone at the initial 
stages of extraction were assessed by use of the immunoradio- 
metric assay as described by Addison et at. (1971) using 
labeled antibodies extracted from guinea pig 199, an anti- 
bovine antiserum (O'Riordan et at., 1972). The reference prep- 
aration was a CCInCOOH precipitate prepared earlier 
(O'Riordan et at., 1971b), designated HT-67. Radioiodinc 
was purchased from Amersham Ltd. (Amersham, England). 

The hormone preparations AE, AS, and AT (Figure 1) were 
diluted and added directly to the assay. Aliquots of the acetone 
powder starting material (AP, Figure 1), in amounts of 10-30 
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figure 2: (a) Comparison of response curves for human parathyroid hormone aliquotted from successive stages of initial extraction, in an 
immunoradiometric assay using '"Mabeled GP-199 antiserum (Addison et a/., 1971): AE, ether powder; ASi, salt supernatant; ATi, Cd r 
COOH precipitate. Ordinate represents counts of hormone-bound, labeled antibody remaining in supernatant after precipitation of unbound 
antibody with solid-phase immunadsorbant. Abscissa represents increasing volume aliquots of the respective extracts added into the assay, 
(b) Comparison of immunoassay response curves for CCl 3 COOH-HPTH preparation AT-1 from current purification and CCliCOOH- 
HPTH preparation HT-67 previously prepared by CVRiordan et ol. (1971b). Assay conditions and coordinates are as described for part a. 



mg, were extracted either with 20% acetic acid in 8 m urea or 
with 90% phenol (2 ml, 18 hr, room temperature for either 
method) prior to immunoassay. 

Recovery studies during the steps of purification subsequent 
to the CCUCOOH stage were carried out using a modification 
(Segre et ah, 1972) of the standard radioimmunoassay as 
developed for bovine parathyroid hormone by Berson et al. 
(1963). Guinea pig 1 antiserum, also an anti-bovine prep- 
aration (CVRiordan et al., 1969) was used at a dilution of 
1 : 300,000. The same CChCOOH-HPTH standard (HT-67) 
was used as a reference in these assays. 126 I for labeling of 
purified BPTH tracer was obtained from New England 
Nuclear (Wilmington, Mass.). 

Scanning of the column profiles for location of eluted 
hormone was performed using a shortened assay procedure. 
Guinea pig 1 antiserum was used at a dilution of 1 : 50,000, 
enabling incubations to be carried out overnight instead of 
the usual 3 days. In these assays 20-m1 aliquots from selected 
tubes were assayed in three successive 50-fold dilutions. 

Edman Degradations. Chemical purity of the hormone fol- 
lowing P-100 and CMC chromatography was evaluated 
using the phenyl isothiocyanate procedure of Edman (1960). 
Most degradations were carried out by the automated pro- 
cedure (Edman and Bcgg, 1967); aliquots containing 3-5 
nmol of peptide were subjected to several steps of degradation 
in the Beckman Sequencer, Model 201 (Beckman Instruments, 
Palo Alto, Calif.) using [ as S]phenyl isothiocyanate (Amersham- 
Scarle, Arlington Heights, III.) to improve sensitivity of de- 
tection (Jacobs et al., 1973). Manual degradations were 



table 1: Recovery of Immunoassayable Hormone from Ex- 
traction of 520 g of Pooled Human Parathyroid Gland Tissue. 



Preparation 


Dry Weight 


Hormone 
Content 


Acetone powder (AP) 


96 g 


85 mg 


CCI3COOH precipitates 






AT-1 


394 mg 


16 .0 mg 


AT-2 


160 


2.0 


BT-1 


218 


4.5 


BT-2 


38 


0.3 


CT-1 


124 


1.0 



carried out using previously described techniques (Niall and 
Potts, 1970). Phenylthiohydantoins were identified by thin- 
layer chromatography accompanied by autoradiography 
(Edman and Begg, 1967; Jacobs et al., 1973) and by gas- 
liquid chromatography (Pisano and Bronzert, 1969). 

Amino Acid Analyses. Amino acid analysis was carried out 
both to provide compositional information and to measure 
protein content of the purified preparations for use in stan- 
dardizing the radioimmunoassays and biological assays. All 
hydrolyses were performed using 5.7 n HC1 containing 
1 : 2000 (v/v) mercaptoethanol (Keutmann and Potts, 1969). 
Analyses were carried out using the Beckman Model 121 auto- 
matic amino acid analyzer. Amino acids were normalized 
from mole fractions into moles per mole by best fit based 
upon recovery of all stable residues. 

Bioassays. The in vitro potency of the CMC-purified human 
hormone was assessed using the rat renal-cortical adenylyl 
cyclase assay system as described by Marcus and Aurbach 
(1969). ["P]ATP and [ J H]cAMP were purchased from New 
England Nuclear and Schwarz/Mann, respectively. Medical 
Research Council (MRC) preparation 72/286 (National 
Institute for Medical Research, Mill Hill, London, England), 
a highly purified bovine hormone preparation, was used as 
reference standard. 

Results 

Preparation of CCltCOOH-HPTH. Following drying and 
defatting, 96 g of acetone powder was obtained from 520 g of 
pooled tissue. The initial extraction of this preparation 
yielded 394 mg of CChCOOH precipitate (AT-1, Table I) 
containing 16 mg of hormone by radioimmunoassay. 

Immunoassay of the acetone powder itself after small-scale 
extraction by either urea-acetic acid or phenol showed, how- 
ever, an immunoreactive hormone content of 80-90 mg (AP, 
Table I). 

Therefore, it was felt that additional quantities of hormone 
might be obtained by a series of reextractions of the residues 
from the initial extraction procedure. The tissue residue from 
the original phenol step was thus extracted and processed a 
second and third time (Figure 1), yielding an additional 5.5 
mg of immunoreactive hormone (BT-I, CT-1; Table I). In 
addition to these reextractions of the phenol residue, the 
ether-powder residues from the first two extractions (AE, BE; 



1 648 BIOCHEMISTRY, VOL. 13, NO. 8, 19 7 4 



HUMAN PARATHYROID HORMONE 



-300 



200 




X 
< 



140 180 220 

TUBE NUMBER 



260 



figure 3: Elution profile obtained by passage of 273 mg of CC1 3 - 
COOH-HPTH (AT-1) through a 140 X 2.5 cm column of Bio-Gel 
P-100 using 0.14 m ammonium acetate buffer (pH 4.9). Fraction 
size was 2.2 ml. Parathyroid hormone, detected by radioimmuno- 
assay, eluted between tubes 1 1 8 and 140. 

Figure 1) were also carried through repeat salt treatment and 
CClaCOOH precipitations. This resulted in a further, though 
modest, enhancement of recovery (AT-2, BT-2; Table I). 
Overall, 24 mg of immunoassayable parathyroid hormone was 
recovered at the CCI 3 COOH stage; hormone content of the 
CClaCOOH precipitates ranged from 4 (AT-1 ) to 1 .5 % (BT-2). 

The slope of the displacement curves for the various prep- 
arations at the successive steps of extraction were identical 
with one another (Figure 2a) and with the HPTH standard 
(HT-67) prepared from the earlier extracts of O'Riordan 
et al. (1971b) (Figure 2b). Nevertheless, the CChCOOH 
preparations from the various extracts were kept separate as 
far as was practical through the subsequent stages of purifi- 
cation. 

Column Purification. A series of column purifications was 
performed using successive steps of gel filtration and ion- 
exchange chromatography. For simplicity the main purification 
procedure (CChCOOH preparation AT-1) is described in 
detail, and this is followed by consideration of the pertinent 
features of the purification of the CChCOOH preparations 
derived from the various reextractions. 

Purification of HPTH from CChCOOH Preparation AT-/. 
Figure 3 shows the elution profile obtained from P-100 gel 
filtration of 273 mg of CChCOOH preparation AT-1. The 
peak of immunological activity corresponded to a /f H of 0.3, 
an elution position similar to that observed for bovine para- 
thyroid hormone using the same type of column, and some- 
what earlier than that for BPTH using Sephadex G-100 (Keut- 
mann et at. y 1971). An aliquot of the pooled peptide from this 
region (tubes 113-142) was analyzed by automated Edman 
degradation. Two predominant amino acids were found at 
each cycle, in essentially equivalent yields (Figure 4A): step I, 
Ser, Val; step 2, Val, Leu; step 3, Ser, His; step 4, Glu, Pro; 
step 5, He, Ala. 

The pooled P-100 preparation was subjected to ion-exchange 
chromatography on carboxymothylcellulose; the elution 
profile is shown in Figure 5. All of the immunoreactive hor- 
mone eluted in a single peak at a conductivity of 7-9 mmhos, 
a position comparable to that observed for chromatography 
of BPTH in the same system. Aliquots were taken from 
across the peak (tubes 124, 128, and 130; Figure 5), as well as 
from selected tubes adjacent to the peak, for automated 
Edman degradation. The peptide from all tubes within the 
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figure 4: Gas-liquid chromatography of phenylthiohydantoins 
from selected steps of automated Edman degradation of human 
parathyroid hormone at successive stages of column purification. 
Valine and isoleucine was derived from the HPTH; the leucine 
and alanine represented a nonhormonal contaminant present in the 
P-100 preparation (A) which was eliminated by CMC chrom- 
atography (B). The identifications were carried out using a DC- 560 
column at 180°; isoleucine was confirmed by repeat injection onto 
an A N-600 column. 

peak retained the sequence Ser-Val-Ser-Glu-Ile-, while a 
peptide with the sequence Val-Leu-His-Pro-Ala- was found 
in the eluate fractions following the peak of immunoreactive 
hormone. This peptide, devoid of immunoreactivity, was 
felt to represent a non-hormonal contaminant which was 
responsible for the double sequence seen in Edman degrada- 
tion of the earlier P-100 pool. 

The hormone fractions were pooled and lyophilized. Purity 
of the peptide (CMC-HPTH) in this pool was found to be 
95% based on multiple steps of Edman degradation (Figure 
4B). Identical profiles and results were obtained from P-100 
and CMC purification of a second lot (107 mg) of CChCOOH 
preparation AT-1. 

Purification of HPTH from Reextract CChCOOH Precip- 
fates, A third and fourth Bio-Gel P-100 column run was 
carried out with the reextract CChCOOH precipitates, and 
the elution profiles were closely similar to those described for 
the preparation AT-1. However, the purity of the hormone in 
the respective pooled eluates, again assessed by automated 
Edman degradation, was found to N lower. In the third 
P-100 pool, derived principally from preparations BT-1 and 
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figure 5: Elution profile from chromatography of a P-100 pool 
of HPTH (Figure 3) on a 10 X 0.9 cm column of carboxymcthyl- 
cellulose using an ammonium acetate buffer gradient as described 
in text. Fraction size was 1.8 ml. Hormone eluted between tubes 
121 and 131. 
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table 11: In Vitro Renal Adenylyl Cyclase Activity of Purified 
Parathyroid Hormone from Various Species. 



Hormone Act. (MRC Units/mg) a 

Bovine I 3000 (2500-4000) 

Porcine 1000(850-1250) 
Human 350(275-425) 

n Activity expressed as mean potency with 95% confidence 
limits. 



BT-2, HPTH represented about 25% of the total peptide 
while in the fourth pool, comprised principally of preparation 
CT-1, the per cent HPTH was even lower. 

CMC chromatography on a pilot scale of material from one 
of these reextract pools showed that, while the pattern of 
eluled immunoreactivity remained the same as that for 
extract AT-1 (Figure 5), the purity of pooled hormone was, as 
with the pools from gel filtration, significantly lower. In 
particular, the principal non-hormonal peptide (Val-Leu-His- 
Pro-Ala-) was found to overlap the later fractions of the 
immunoreactive hormone peak. 

Therefore, the further purification of the reextract P-100 
preparations was modified to include a step of CMC chroma- 
tography in 8 m urea. Several additional peaks of optical 
density were found across the profile, but the immunoreactive 
hormone again eluted in a single peak, at a conductivity of 
4-5 mmhos. The eluate pool from this region was diluted with 
distilled water (to lower the ionic strength) and reapplied to 
CMC in order to remove the urea. When a gradient was de- 
veloped using urea-free buffer, the hormone eluted in a profile 
again resembling that shown in Figure 5. The hormone in this 
product was 85-90% pure by end-group analysis, A final, 
passage through CMC, using the same urea-free buffer sys- 
tem, increased the purity to a level comparable to that of the 
CMC-HPTH from the original AT-1 preparation. 

Recovery Estimates. In the purification of the initial CCln- 
COOH preparation AT-1, recovery of immunoassayable 
hormone was found to be similar at each step: 62 % from Bio- 
Gel P-100 and 56% from CMC. Recoveries from P-100 gel 
filtration of the two reextract CCI3COOH preparations were 
somewhat lower: 41 and 45%, respectively. Per cent recovery 
of these preparations from CMC chromatography was closely 
similar to the AT-1 material. It was found that use of urea- 
CMC chromatography was not accompanied by any signifi- 
cant enhancement in recovery. The total yield of highly 
purified CMC-HPTH. suitable for structural studies, from 
purification of all the CCUCOOH preparations was 3.2 mg as 
calculated from the amino acid analyses. 

Biological Assays. Three preparations of CMC-HPTH. 
quantitated by amino acid analysis, were tested in the renal- 
cortical adenylyl cyclase system. The assays were found to be 
statistically homogeneous with a mean potency of 350 MRC 
units/mg. The relative potencies of human, bovine, and por- 
cine parathyroid hormone in this assay system are compared 
in Table II. 

Amino Acid Composition. The compositional analysis of 
CMC-HPTH, based on duplicate hydrolysis for 24 and 72 hr. 
is outlined in Table III. The compositions of BPTH (Keut- 
mann et aL 1971 ) and PPTH (Woodhead et «/., 1971) are also 
shown for comparison. Results of additional 24-hr hydropses 
of CMC-HPTH, carried out with other preparations for 
calibration of peptide weight, indicated that all the CMC 



products (whether derived from AT-1 or from the various re- 
extracts) had the same amino acid compositions. 

Discussion 

Availability of parathyroid tissue starting material has been 
the limiting factor in efforts to purify human parathyroid 
hormone. It was also evident from the earlier experience of 
O'Riordan et aL (1971b) that additional problems could also 
be anticipated in successfully carrying out the purification of 
sufficient hormone for structural analysis. In particular, it 
was found that (a) yields of hormone from column chroma- 
tography* particularly Scphadex gel filtration, were low and 
(b) purity, by radioimmunoassay, of HPTH after CCLtCOOH 
precipitation and gel filtration was considerably lower than 
that found at the corresponding stages for bovine hormone. 

Accordingly, in the current work modifications were made 
in the later stages of the purification procedure in an effort to 
offset these problems. Gel filtration was carried out on poly- 
acrylamide instead of polydextran, since in our experience 
recoveries from the polyacrylamide are somewhat better, 
perhaps owing to less adsorption of peptide to the column 
packing. All columns were presaturatcd with bovine para- 
thyroid hormone prior to use for the human hormone. 

By use of these combined maneuvers, it would appear that 
considerable improvement in yield, especially at the gel 
filtration step, was obtained, although recoveries were still 
lower than those found in the course of purification of larger 
amounts of bovine hormone (Keutmann et «/., 1971). Purity 
of the hormone after gel filtration, as assessed by end -group 
analysis, was also greater than the estimate of 10% based on 
radioimmunoassay, reported previously (CVRiordan et aL, 
1971b). 

Use of the manual Edman end-group procedure (Edman, 
1960) in monitoring chemical purity of hormone at successive 
isolation steps proved to be of great value in our earlier work 
on a larger scale with BPTH (Keutmann et aL, 1971). In the 
current work, with more limited amounts of material, the 
automated degradation was effectively employed as a rapid, 
efficient means of screening aliquots across peaks as well as 
pooled peptide. Only 3 -5 nmol of peptide was required for a 
degradation of several steps, permitting an accurate compu- 
tation of the content of hormone r.v. contaminating peptides. 
Direct chemical evidence of peptide purity was thereby ob- 
tained, eliminating the need to consume material through 
other types of purity assessment such as elcclrophoretic or 
chromatographic procedures. The Edman degradation also 
was useful in providing assurance that the use of BPTH for 
presaturation of columns to minimize losses was a safe pro- 
cedure, since in initial pi lot -scale column runs the purified 
HPTH fractions were found to be free from alanine, the 
amino-terminal residue of BPTH. 

The automated Edman degradations showed that a principal 
contaminant, devoid of immunoassayable parathyroid hor- 
mone activity, had been eliminated by the final step of purifi- 
cation (Figure 4). This contaminant appeared different by 
amino-terminal sequence from the two contaminating peptides 
which were encountered in the purification of BPTH (Keut- 
mann et aL. 1971). Complete purification of the bovine hor- 
mone was accomplished by use of CMC chromatography 
with buffers containing urea. With the principal P-100 prep- 
arations of the human hormone, CMC chromatography in 
the absence of urea was sufficient to yield a pure product. 
This may be in part a reflection of the differences in contami- 
nating peptides. Moreover, evidence for isohormonal forms . 
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table hi: Amino Acid Composition of Human Parathyroid Hormone. 



Residues Taken 0 





Residues Found (Mol Fraction) 


Mol/Mol of 


Mol 






Amino Acid 


7j4 Up 

ia nr 


12. nr 


Peptide 


Integer 


BPTH I 


PPTH 


Aspartic acid 


0.119 


0.123 


Q flft 


ift 


Q 


Q 

o 


i nreonine 


0.017 


0.017 


1 ACS 
1 .HU 


i 
i 




n 
u 


Serine* 


0.074 


0.075 


0. 1U 


0 


Q 

0 


o 

o 


vjiuiamic aciu 


0.118 


0.113 


Q 7ft 


1ft 


1 1 
1 1 


1 1 


Proline 


0.027 


0.032 


Z. -HJ 


z 


z 


z 


Glycine 


0.056 


0.057 




c 

J 


4 


c 


Alanine 


0.090 


0.092 


7. 35 


I 


7 


O 


\f r% lift a 

valine 


0.093 


0.094 


7 fin 


V 
0 


S 
o 


0 


Methionine 


0.022 


0.015 


1.80 


2 


2 


1 


Isoleucine 


0.012 


0.011 


0.95 


1 


3 


3 


Leucine 


0.119 


0.116 


9.80 


10 


8 


10 


Tyrosine 


0.002 


0.002 


0.15 


0 


1 


0 


Phenylalanine 


0.021 


0.020 


1.65 


2 


2 


1 


Lysine 


0.113 


0.112 


9.30 


9 


9 


9 


Histidinc 


0.058 


0.062 


4.75 


5 


4 


5 


Arginine 


0.059 


0.059 


4.80 


5 


5 


5 



a The limited quantities of purified peptide available precluded more detailed studies of amino acid composition based on total 
enzymatic hydrolysis and acid hydrolysis for 24, 48, 72, and 96 hr, to determine the extent of amidation of aspartic and glutamic 
acid and content of tryptophan, and to more closely examine the content of certain low-yield residues (such as threonine) found 
to differ in amount from integral values of moles of residue per mole of peptide. b Calculated after extrapolation to zero hydrolysis 
time. 



such as those found after urea-CMC chromatography of 
BPTH (Keutmann et ai, 1971), was not found in any of the 
cluates of the human hormone . 

Ion-exchange chromatography in the presence of urea was, 
however, a useful step in processing P-100 preparations of 
lower purity, namely, those originating from the tissue re- 
extractions (Figure 1). Keeping the CCI.iCOOH preparations 
from the initial extraction and from the reextracts separate for 
subsequent purification is therefore clearly warranted. The 
final purified products from all of the respective extractions 
were, however, identical by radioimmunoassay and com- 
position. 

While the improved yields from the chromatographic steps 
were gratifying, assessment of yields of hormone from the 
earlier extraction stages (Table I) showed that substantial 
quantities of immunoassayable hormone found in the original 
acetone powder were not accounted for at the CCI^COOH 
stage. Hence, the 394 mg of CCIaCOOH precipitate (AT-1) 
from the initial extraction contained 16 mg of hormone, com- 
pared with 85 mg in the acetone powder starting material. 
For this reason, the various reextractions of acetone powder 
residue and ether powder were carried out. These yielded 
additional amounts of hormone, but the total recovery at the 
CCI.COOH stage was still only 30%. 

The basis for this apparent loss remains uncertain. The 
greatest drop in immunoassayable hormone content appeared 
to occur between the acetone powder and ether powder 
stages. Little or no loss took place at the salt precipitation 
stage, but appreciable loss again occurred at the CCI n COOH 
step. Relevant to this is the finding that reextraction of the 
original phenol residue yielded more hormone than did re- 
extraction of the ether powder (Table I). 

Conceivably, some of the immunoreactivity in the acetone 
powder could represent fragments which are separated out 
along the way, despite the fact that the displacement curves 



for the hormone from the successive stages of extraction 
appeared to be parallel. 

Prior to their independent sequence analysis of (he active 
amino-terminal region of the molecule. Brewer et ai. (1972) 
purified the human hormone starting with a similar quantity 
of pooled parathyroid tissue. Their procedure employed 
chloroform, instead of acetone, for drying and defatting of 
the tissue, and urea- hydrochloric acid rather than phenol for 
extraction (Arnaud vt aL* 1970). Although a detailed descrip- 
tion of their purification is as yet unavailable, their overall 
recovery appears to have been similar to our own. 

Substitution of serine for alanine at the amino terminus may 
contribute to the low activity (350 MRC units/mg) of native 
HPTH, compared to that of the bovine hormone, when 
assessed by the in vitro renal adenylyl cyclase assay. 1-arlier 
studies had demonstrated that porcine parathyroid hormone 
(PPTH), which also contains an amino-terniinal serine 
residue, likewise shows a lower activity relative to BPTH in 
the same assay system (Woodhead et «/., 1971). 

The compositional data obtained in these studies (Table III) 
point toward significant structural features to be anticipated 
in analysis of the carboxyl-terminal region of the molecule. 
Certain similarities to porcine parathyroid hormone may be 
discerned, including a similar distribution of basic residues, 
high content of leucine, and absence of tyrosine. However, 
several differences from both the porcine and bovine mole- 
cules are evident as well. 

Although the structure for the amino-terminal region pro- 
posed by ourselves (Niall et <//., 1974) differs in certain re- 
spects from that reported by Brewer et uL (1972), it is clear 
from the compositional studies that, regardless of how these 
discrepancies are resolved, several amino acids unique to the 
composition of HPTH should be found in the sequence of the 
carboxyl-terminal portion. For example, threonine and an 
aspartic acid residue remain to be located. Also, since the single 
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isoleucinc has already been located (position 5), substitutions 
would be expected at the two positions occupied by 
residue in the carboxyl terminus of BPTH and PPTH. Pres- 
ence in the carboxyl-terminal region of several sequence 
positions unique to HPTH could account for the low cross- 
reactivity observed with HPTH against a number of carboxyl- 
terminal directed anti-bovine antisera (Segrc et al., 1972), 

The purification of human parathyroid hormone has not 
only made available peptide for structural analysis, but also 
has provided a standard, calibrated against multiple CMC 
preparations, which should be very suitable for future im- 
munological studies. The correlations of structure, biological 
activity and immunoreactivity which should now be possible 
will represent important advances toward defining the signifi- 
cance of the various forms of the hormone found in the human 
circulation. 
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Annm in Proof 

Subsequent evaluation of the supernatant fraction from 
CCI.tCOOH precipitation (AT-1, Figure 1) showed that a 
small quantity of intact hormone (about 10% of that appear- 
ing in the precipitate) remained behind after the precipitation. 
This hormone was retrieved in good yield for further purifica- 
tion by the following procedure. The supernatant was ex- 
tracted with ether to remove trichloroacetic acid. The content 
of acetic acid (lowered by the ether extraction) was restored 
to approximately 20%. The hormone was then extracted into 
l-bulano!, and the butanol removed by rotary evaporation. 
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ABSTRACT The sequence of the amino-tcrminal 37 
residues of human parathyroid hormone has been estab- 
lished. The hormone used in these studies was isolated in 
highly purified form from parathyroid adenomata and 
was subjected to automated degradation in a licckman se- 
quencer. A high -sensitivity sequencing procedure employ- 
ing w S-IabcIed phcnylisothiocyanatc of high specific ac- 
tivity as the coupling agent was used. The sequence ob- 
tained differs from that of bovine parathyroid hormone in 
three of the first 37 positions, and from that of porcine para- 
thyroid hormone in two positions. A single human-specific 
residue was found (asparagine 16). The sequence obtained 
difTers at three positions (22, 28, and 30) from the structure 
for human parathvroid hormone reported recently by 
Brewer etal. [(1972) Proc. AW. Acad. Set. USA 69,3585-3588] 
and synthesized by Andreatta ct al. [(1973) IleJv. Chim. 
Acta* 56, 470-473] We have carefully reviewed our data, re- 
ported here in detail, on the sequence positions in dispute. 
We must conclude, on the basis of all available data, that 
the structure that we propose is the correct structurcVThe 
objective resolution of these discrepancies in structural 
analysis through further chemical and immunochemical 
studies is important, since synthesis of human parathyroid 
hormone, in which there is widespread interest for physio- 
logical and clinical studies, must be based on the correct 
sequence of the human 'hormone if the peptide is to be 
genuinely useful. 

Substantia] advances have been made in recent years in o;ir 
knowledge of parathyroid hormones, through studies of pri- 
mary structure (1-3), structural requirements for biological 
activity (4, 5), biosynthesis (6-8), and metabolism (9-14). 
Most of these studies, including the development and applica- 
tion of radioimmunoassays capable of measuring plasma 
parathyroid hormone levels in man, have depended di- 
rectly or indirectly upon the use of the bovine and porcine 
hormones. Purified human parathyroid hormone (HPTH), 
on the other hand, has been available in microgram quanti- 
ties, sufficient only for limited studies of its chemical and mi- 
ni on ological properties (15). 

Recent improvements in extraction and isolation tech- 
niques, and the development of high-sensitivity methods for 
peptide sequence analysis have permitted us to determine the 
amino-acid sequence of the amino-terminal biologically active 
portion of HPTH (Fig. 1). 

After the submission for publication in abstract form of our 
findings for the N-terminal 31 residues of HPTH (24), the 
report of Brewer ct al. (29) of their own independent struc- 

Abbreviations: HPTH, human parathyroid hormone; PTH, 
phenyl* hiohydantoin; TLC, thin-layer chromatography; MIH, 
mono-iodohistidine; DIM, di-iodohistidine. 



tural studies on HPTH was published. Marked discrepancies 
between the two structures, which differ in three of the first 
30 residues, have prompted us to reexamine our data for each 
cycle of the several degradations performed with the phe- 
nylisothiocyanate method. 

We now report in full the strategy and methods used in our 
sequence analysis as well as the quantitative aspects of the 
results and discuss the nature, implications, and possible ap- 
proaches to resolution of the differences between the findings 
of Brewer ct al. (29) and ourselves concerning the sequence of 
the amino-terminal portion of human parathyroid hormone. 

MATKKIALS AIVD METHODS 
The HPTH used in these studies was extracted from 500 g 
of pooled human adenoma tissue by use of 8S% phenol, fol- 
lowed by treatment with 6% NaCI and precipitation with 
trichloroacetic acid (15, 16). The hormone was further puri- 
fied by gel nitration on Bio-Gel P-100 (Bio-Rad Labora- 
tories. Richmond, Calif.) and ion-exchange chromatography 
on carboxymethyl-eelhilosc (Whatman CM-52; Reeve Angel 
Co., Summit, N.J.) (16). Hormone purification was monitored 
by radioimmunoassay (11). 

Automated Edman degradations were performed on the 
licckman model S90 sequencer (Beck man Instruments, Palo 
Alto, Calif.) using the single-coupling, double-cleavage 
method of Edman and Begg (17), and other procedures re- 
cently described (18). Manual Edman degradations were per- 
formed as previously described (19). Reagents and solvents 
were obtained from Beckman Instruments. 3S S-Labeled 
phcnylisothiocyanate was obtained from Amershain/Searle 
(Arlington Heights, III). 

The phenylthiohydantoin (PTH) derivatives were identi- 
fied by thin- layer chromatography (TLC) on silica gel plates 
(Analtech, Inc., Newark. Del.) (17, 20) and by gas-liquid 
chromatography (21) using a two-column system (10% DC- 
560 and 1.5% AN-600). PTH-histidinc was identified by the 
Pauly reaction (22) and PTH-arginine by the phenanthrenc- 
quinone reaction (23). Quantitative yields of the PTH-a mi no- 
acid derivatives at each cycle of degradation were determined 
by comparison with known standards on gas-liquid chroma- 
tography. The [ 35 S]PTH-amino acids were separated by TLC; 
the radioactive spots were identified by autoradiography and 
quantitated in a Packard model 3375. liquid scintillation 
counter (Packard Instrument Co., Downers Grove, 111.). 

Mono-iodohistidine (MIH) and di-iodohistidine (DIH) 
were synthesized by the method of Brunnings (25) using the 
modifications of Savoic ct al. (26). The phenylthiohydantoin 
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Table 1. Automated Edman degradation of native HPTH 



PTH-amino acids 



PTH-amino acids 



Cycle 


Found 


Yield 
(nmol) 


Cycle 


Found 


Yield 
(nmo!) 


1 


Ser 


80.0 


21 


Val 


23.8 


2 


Val 


130.2 


22 


Glut 


10.5 










Thr 


7.3 


3 


Ser 


85.3 


23 


Trp 


10.1 


4 


Glu 


71.4 


24 


Leu 


IS. 7 




He 


10S.6 


25 


Arg 


13.0 


6 


Glu* 


20.7 


26 


Lys 


14.6 




Gin 


35.0 








7 


I/CU 


97.5 


27 


Lys 


15.9 


S 


Met 


51.5 


2S 


Leu 


11.0 


9' 


His 


42.3 


29 


Glu* 


3.1 










Gin 


2.S 


10 


Asp* 


30.6 


30 


Asp 


4.5 




Asn 


20.1 








11 


Leu 


97.5 


31 


Val 


9.1 


12 


Giy 


47.5 


32 


Serf 


0.7 


13 


Lys 


62.1 


33 


Asp* 


2.7 










Asn 


t 


14 


His 


27.6 


34 


Phe 


3.0 


35 


Leu 


55 . 5 


35 


Val 


3.0 


16 


Asp* 


17.7 


36 


Ala 


1.4 




Asn 


1S.1 








17 


Ser 


43.0 


37 


lieu 


2.1 


IS 


Met 


34. S 


3S 






19 


Glu 


20.2 


39 


Ala 


1.2 


20 


Arg 


16.4 


40 







* Partial deamidation during the conversion reaction accounts 
for the presence of the free acid as well as the amide form at posi- 
tions 6 and 29 (glutamines) and positions 10, 16, and 33 (aspara- 
gines). 

f See text for discussion. 

% TLC identification. 

derivatives of M1H and DIH were ^prepared as described by 
Edman (27). PTH-MIH and PTH-DIH were separated from 
all other PTH-amino-acid derivatives by TLC in the solvent 
system ?i-butyl acetate: water : propionic acid: formamide 
(240:200:30:60). PTH-[ I23 I]MIH and PTH-pI]DIH were 
identified by cochromatography with their respective 127 I de- 
rivatives followed by autoradiography, and quantitated by 
counting in a Packard model 3001 gamma well spectrometer. 
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Human Parathyroid Hormone 385 

1 2 3' 1> 5 6 7 8 9 10 11 12 13 Ik 15 16 

NH 2 -SER-VAL-SER-GLU-IL£-GLN-L£U-HET-HIS-ASN-LEU-6LY-LYS-HIS-IEU*ASN 

SER it 
MET «- 
GLU 19 
ARG 20 
VAL ?! 

. . . LEU-ALA-VAL-PHE-ASH-HIS-VAL-ASP-6LN-LEU-LYS-LYS-ARG-LEU-TRP-GLU 

37 36 35 3*- 33 32 31 30 29 28 27 26 25 2 k 23 2? 

Fig. 1. The amino-terminal 37 residues of human parathyroid 
hormone. 



Cleavage of the hormone with cyanogen bromide (CNBr) 
was carried out in 70% formic acid for 12 hr, 20° f with a 100-fold 
molar excess of CNBr. Digestion with TPCK-trypsin (Wortb- 
ington Biochemical Corp., Freehold, N.J.) was performed in 
0.2 M trimethylamine acetate buffer (pH 9.2) at 37°. for a 
period of 2 hr 'using an enzymc-to-substrate ratio of 1/100. 

RESULTS 

Purified HPTH (140 nmol) was subjected to automated 
Edman degradation for 40 cycles.. The PTH-amino acid de- 
rivatives identified at each cycle of this degradation, and 
their yields, are presented in Table 1. To illustrate repetitive 
yield these results are also plotted in Fig. 2. 

As shown in Table 1, unique amino-aeid assignments, and 
quantitation of the single residue identified, were possible at 
all but two of the first 37 cycles of this degradation. At cycle 
22, evidence was obtained for two residues, threonine and 
glutamic acid. Since the quantitative recovery of both of these 
residues can be low, further experiments were performed 
prior to definitive assignment of position 22. At cycle 32, a 
rise in PTH-serine above background levels was observed. 
However, its yield (Table 1) was considerably below that ex- 
pected, even for the labile phenylthiohydantoin derivative of 
serine (18). Although histidine is present at this position in 
porcine and bovine parathyroid hormones, this residue could 
not be detected cither by the Pauly method or by a definite 
increase in radioactivity associated with [ n S]PTH-histidine 
at this cycle. However, since the overall yield at this stage of 
the degradation was near the detection limits for histidine by 
these methods, further experiments were performed prior to 
assignn ent of this position. 

The presence of methionine at positions S and IS of the na- 
tive hormone accounted for both methionines found bv amino- 



Fig. 2. Yields of phenyl thiohy dan toin- 
amino acids obtained during automated de- 
gradation of native human parathyroid hor- 
mone. See Table 1 and text. 
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Cvcle CNBrl CNBr2 CNBr3 



29 V) 31 32 33 34 



CYCLE NUMBER 

Fkt. 3. "Release of radioactive ( 15J T-labcled) phenyl thiohydan- 
toin derivatives of mono- and di-iodohistidinc during automated 
degradation of 12i I-labeled human parathyroid hormone. The 
break in the horizontal axis is introduced to simplify the presenta- 
tion. No signihY:ih( release of hisl idinc-associat cd radioactivity 
was seen in cycles 17-2K. Histidine was found at cycles. 0, 
14, anci 32, indicating the presence of histidine at these positions. 
See I ext. Numbers on the ordinate? are to be multiplied by the in- 
dicated factors to obtain the experimental values. 

acid analysis (16). This indicated that cleavage of the human 
hormone with C v ~Br should result in generation of three 
principal peptides representing" residues 9-1 S. and 19- 
carboxyl terminus of the native hormone. HPTH (27 nmol) 
was cWved w »th C'NBr and the unfraetionated pe]>tide mix- 
ture subjected to 19 cycles of Edman degradation. The results 
are presented i f i Table 2. The expected three end-groups, 
Scr 1 , His 9 , and Glu :9 were identified at cycle one of the degra- 
dation. At eyrie 4 of the degradation, correspo-.ding to resi- 
dues 4. 12, and 22 of the intact hormone, only PTH-Glu and 
PTII-Gly were observed in significant yield. No threonine 
was detected at this cycle. Therefore, glutamic acid was as- 
signed as residue 22 of native HPTH. The significance of the 
rinding of threonine in the amino-terminal degradation re- 
mains uncertain. As can be seen in Table 2. the results of the 
CNBr mixture analysis also provided complete confirmation 
of all residue assignments made on the basis of the aniino- 
termiual degradation on intact IIPTH. 

Since the limited supply of purified MPT 1 1 excluded the 
use of conventional protein chemical methods for reexamina- 
tion of position 32, an alternative radioactive micro -method 
was developed to permit detection of histidine residues. Puri- 
fied IIPTH (0.75 m.c) was iodinated with 125 I by a modification 
of the Hunter-Greenwood procedure (28). Unlabeled bovine 
parathyroid hormone was then added as carrier and the mix- 
ture was degraded in the sequencer. At each cycle, the radio- 
activity migrating with PTH-[ l27 I].MIII and PTII-[ !27 I]DIH 
on TLC was determined. These data (Fig. 3) demonstrate 
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toin derivatives of mono- and di-iodohistidinc during degradation 
of a tryptic digest, of iodinated IIPTH. | 1W I] Histidine was re- 
leased at cycles 1 and .#. Sce/crJ. 



V Scr 1 

2 Val 

3 Ser 



GIu 

He 

Gin 

Leu 

Mct§ 

His 

Asn 

Leu 

Glv 



S 
0 
10 

11 

12 
13 
14 

15 
10 
17 

IS 
10 



His' 
Asn 
Leu 

Giy 
Lys 
His 
Leu 
Asn 
Ser 



GIu" 

Arg 

Val 

GIu 
Trp 
Leu 
Arg 
Lys 
Lys 
Leu 
Ciln 
Asp 
Val 

Asn 
Phc 
Val 
Ala 
Leu 



Yield of PTH Derivative 
(nmol) 

Ser 18.3, His*, Giy 27.0 
Val 11.7, Asn 4.3, Argf 
Ser 10.2, Leu 8.5, Val 
18.4 

GIu 4.5, Giy 3.1 

He 10.2, Lys+, Trp 5S 

Gin 4.0, His*, Leu 10.5 

Leu 0.8, Argf 

Met 3.4, Asn}, Lys+ 

His*, Ser 4.2, Lys J 

Asn}, Leu 7.5 

Leu 1.4, Gin 4.0 

Giy 0.0, Asp 2.3 

Val 4.2 

Asnt 
Phe2.0 
Val 4.5 
Ala 2.0 
Leu 2.0 



* Identification by Pauly reaction. 

f Identification by phenanthrenequinone reaction. 

% Identification by thin-layer chromatography. 

§ Presence of methionine at cycle 8 with the following four resi- 
dues obtained at cycles 0-12 indicates that cleavage of the Met 8 - 
His 9 bond by cyanogen bromide was incomplete. Residues from 
1 his sequence, presumably representing the 1-18 peptide fragment, 
could not be detected subsequent to cycle 12. 

^ Histidine, subsequently found to occupy portion 32 (see text) 
was not detected at the expected cycle (number 14) of this 
degradation. 

the presence of histidine at cycle 32, and confirm the histidine 
at cycles 0 and 14. 

To confirm these results further, and in particular to ex- 
amine the differences between Brewer cl al. (29) and ourselves 
concerning the nature of residue 28, iodinated HPT II was 
digested with trypsin and then subjected to Edman degrada- 
tion for seven cycles. The PTH derivatives of [ 12i I jMIH and 
[ 12:, I]DIH were found at cycles I and 5 of the degradation 
Fig. 4). The histidine at cycle 1 further confirmed the 
Lys I3 -His 14 sequence already determined. The finding of his- 
tidine at cycle 5 would be predicted on the basis of tryptic 
cleavage carboxyl to Lys 27 , and therefore both supports the as- 
signment of His 32 and argues against the report of Brewer ct al. 
(29) that residue 28 is lysine. 

DISCUSSION 

The amino-terminal sequence we propose for HPTH differs 
from that of both the bovine and the porcine hormones. 
IIPTH differs from bovine parathyroid hormone (Fig. 5) at 
positions 1, 7, and 16. The porcine and human hormones differ 
at positions 16 and IS. Asn 16 is the only unique residue found 
in the active region of human parathyroid hormone. 

Unexpectedly, our structure differs at three positions from 
that recently proposed by Brewer et al. (20) for the amino- 
terminal 34 residues of HPTH. They report residue 22 to be 
glutamine. residue 2S to be lysine, and residue 30 to be leucine. 
If correct, all these changed residues would be unique to the 
human hormone. In contrast) we find residue 22 to be glutamic 
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Fio. Comparison of the amino-terminal sequences of por- 
cine, bovine, and human parathyroid hormone;?. The central con- 
tinuous sequence is thai of ihe human hormone (residues 1,7, and 
1G). Residues differing in the bovine hormone arc stippled: those 
differing in porcine parathyroid hormone (1G and 18) are hatched. 



acid, residue 28 to be leucine, and residue 30 to be aspartic, 
acid. The residues we have identified are identical with those 
at the corresponding positions in both the porcine and bovine 
hormones. 

Since both groups have isolated the hormone from essen- 
tially similar sources, i.e., human adenoma tissue pooled from 
many centers, the possibility that there are two hormonal 
forms. which differ as markedly as those of the two proposed 
sequences is highly unlikely. 

We have carefully reexamined our data from both degrada- 
tions with particular emphasis on the positions in question. 
In neither degradation was any glutamine observed at cycles 
corresponding to residue 22. Glutamine and asparagine can 
undergo deamidation during degradation. However, \\\ both 
degradations (Tables 1 and 2) glutamine and asparagine resi- 
dues were detected at cycles beyond position 22, making it 
implausible that the glutamic acid detected at position 22 
was originally glutamine. At cycles corresponding to residues 
28 and 30. leucine and aspartic acid were clearly identified 
by their predominant yields (Tables 1 and 2). The relative 
rise in yield of these residues above and subsequent fall to 
background levels is shown in Fig. G. 

In automated Ed man degradation the phenomenon of in- 
creasing overlap, which tends to be cumulative from cycle 
to cycle, has been well documented (17, IS, 30). Edman and 
Begg have, however, found that use of a double-cleavage 
program can limit this overlap to relatively low levels (17) 
even in extended degradations. In our amiro-terminal deg- 
radation, which employed such a double-cleavage program, 
overlap rose from 4.5% at cycle 12 to 14.5% at cycle 2S. 
Brewer ct ai reported quantitative data only at position 12; 
their data permit the calculation that there was a 32% overlap 
at this early phase of degradation. The natural increase of this 
already substantial overlap, particularly in view of their use 
of a single-cleavage program, would make assignment of re- 
peating residues at later cycles of the degradation, such as the 
putative Lys 28 in a sequence Lys^-Lys^-Lys 28 , particularly 
hazardous. 

If, as proposed by Brewer et ai (29), residue 28 is 0 lysine, 
tryptic digestion of [ ,4S I]HPTH would lead to cleavage of the 
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Fig. 6. Yields of PTH-Ieucine at cycles 20-30 and of PTH- 
aspartic acid at cycles 28-32 obtained during automated degra- 
dation of native human parathyroid hormone. A sharp rise above 
background levels is seen at cycle 2S for leucine and at cycle 30 
for aspartic acid. See text. 

hormone carboxyl-terminal to residue 28. Therefore, the 
PTH derivatives of [«*I]MIH and [ Iaa I]DTH corresponding 
to His 32 would be released at the fourth cycle of degradation, 
rather than the fifth. Clearly, however, hisiidine is released 
only at the first and fifth cycles (Fig. 4). 

Ultimate resolution of the differences in the proposed 
structures must await further studies. However, a comparison 
of our results and methods with the published results and 
methods of Brewer et ai (29) leads us to conclude that our 
proposed structure based on a variety of approaches is more 
likely to be correct. 

Tests of the biological and immunological properties of 
synthetic peptides corresponding to our structure and to the 
structure proposed by Brewer ai (29) for theamino-terminal 
portion of human parathyroid hormone may prove helpful in 
objectively resolving the discrepancies in the structures 
proposed. The marked differences, which include a change in 
net charge of three within a sequence of nine residues, might 
affect biological activity. Even more likely is the possibility 
that such charge differences will result in clear-cut differences 
in immunoreactivity when the synthetic peptides based on 
the two proposed structures are each compared with native 
human parathyroid hormone in their ability to combine with 
antisera directed against the amino-terminal region (11). 

If the structure of Brewer and associates is, as we believe, 
incorrect, use of antisera generated against the corresponding 
synthetic peptide for radioimmunoassay studies could con- 
fuse rather than aid attempts to more accurately measure 
HPTM or to understand the complex pattern of metabolism 
of parathyroid hormone (11). A preliminary immunoassay 
study based on the peptide of Brewer et ai (29) and Andrea t-ta 
ct al. (34) has already been published (35). Clearly it is ex- 
tremely important to establish whether our sequence or that 
of Brewer el al. (29) represents the native HPTH structure 
before various laboratories embark on extensive immuno- 
logical studies using synthetic IT PTH peptide. 

An amino-terminal tetratriaconta peptide based on the struc- 
ture proposed here has been synthesized by the solid-phase 
method (31). Studies of the potency of this peptide as mea- 
sured in vitro by activation of renal-cortical adenylate cyclase 
indicate that its activity is 1030 units/mg, closely equivalent, 
on. a molar basis, to the potency of 350 units/mg (10) for 
native human parathyroid hormone in this assay. Assays in 
vivo using the chick hypercalcemia assay (32) indicate a po- 
tency of 7000 units/mg, an activity identical to that of the 
bovine peptide 1-34 (no native human parathyroid hormone 
was available for assay in this system). 
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The immunological activity of the synthetic peptide has 
been examined with several antisera directed against the 
arriino-terminal region of parathyroid hormone. Tests against 
antiserum 199 (33) and GP-1 (11) indicated, that reactivity 
on a molar basis of our synthetic peptide was identical qualita- 
tively and quantitatively to that of the native human hormone. 
No details have been reported on the specific biological or 
immunological activity of the synthetic peptide of Andrcatta 
et al. (34), whose structure was based on the structure re- 
ported by Brewer et al (29). Comparisons based on detailed 
biological and immunological tests of the two synthetic pep- 
tides in various laboratories should be of considerable interest. 

Our present findings carry several implications for the struc- 
tural and comparative immunochemical studies of human 
parathyroid hormone. The sequence of HPTH we find is 
identical with that of either the bovine or porcine hormone at 
36 of the first 37 residues; the changes found do not affect net 
charge and do not greatly alter physicochemical properties. 
Hence, although some improvement" in detection of human 
parathyroid hormone might result from use of antisera di- 
rected against the amino-terminal sequence of the human 
hormone, the improvements, in our view, might not be large. 
In fact, the success encountered already in numerous labora- 
tories in detection of the human hormone with immunoassays 
based on the bovine molecule is consistent with the overall 
chemical similarity found in the amino-terminal sequences of 
the three species of parathyroid hormone. 

On the other hand, previous immunochemical and analytical 
evidence (11, 15, 16) indicates that more marked differences in 
structure between bovine and human hormones are likely to 
be found in the carboxyl-terminal region. Since a large car- 
boxy I-terminal fragment appears to be the major form of im- 
munoreactive parathyroid hormone in the human circulation 
(11), antisera that recognize the carboxyl end of the human 
hormone are most likely to significantly improve immuno- 
assay sensitivity. Further sequence studies on HPTH, fol- 
lowed by synthesis of selected peptides from the carboxyl- 
terminal two-thirds of the molecule, may well result in anti- 
sera considerably more sensitive for detection of human 
parathyroid hormone. 

Collection of the human parathyroid adenomata used in this 
study was made possible through the cooperation of many indi- 
viduals and institutions in the United States, Canada, and over- 
seas. Special thanks are due the Medical Research Council of 
Great Britain for help with this project. This investigation was 
supported in part by Grants AM 11794 and AM 04501 from the 
National Institute of Arthritis, Metabolic and Digestive Diseases. 
G.V.S. is the George Morris Piersol Teaching and Research 
Scholar of the American College of Physicians and Special Fellow 
of the National Institute of Arthritis, Metabolism and Digestive 
Diseases. 
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ABSTRACT Human parathyroid hormone has been 
isolated in highly purified form from human parathyroid 
adenomas. The primary sequence of the amino-terminal 
34 residues of the human hormone was obtained by auto- 
mated degradation with a Beck man Sequencer. The 
phenylthiohydantoin amino acids were identified by gas 
chromatography and mass spectrometry. The first 34 
residues of human parathyroid hormone differ from the 
bovine hormone by six residues, and from the porcine 
hormone by five residues. The amino-terminal residue is 
serine, similar to the porcine »>arathyroid hormone; 
bovine parathyroid hormone contains an amino-terminal 
alanine. Jiuman parathyroid hormone contains two 
methionine residues, similar to the bovine species, whereas 
porcine parathyroid hormone contains a single methionine 
residue. Amino-acid residues in the first 34 that are unique 
to the human sequence include an asparagine at position 
16, glutamine at position 22, lysine at position 28, and a 
leucine at position 30. 

During the last few years, a significant core of information 
has been obtained by several laboratories on the chemistry, 
biosynthesis, and secretion of parathyroid hormone (PTH)! 
These studies have indicated that this hormone is initially 
synthesized as a prohormone, proparathyroid hormone (1-4). 
Proparathyroid hormone contains about 106 amino acids, 
and has an apparent molecular weight of 12,500 (4). The 
prohormone is rapidly converted into the storage or glandular 
form of the hormone, which consists of 84 amino acids and 
has a molecular weight of 9500. The complete amino-acid 
sequences of the 84 amino-acid parathyroid hormone from 
bovine (5, 6) and porcine (7) species have been reported. After 
appropriate physiological stimuli, the 9500 molecular weight 
form of the parathyroid hormone is secreted into the circula- 
tion (8). Shortly after entering the peripheral circulation, 
the glandular form of the hormone is cleaved into smaller 
fragments. Gel filtration of human hyperparathyroid serum 
by several investigators has revealed a major immunoreactive 
fragments), with a molecular weight of 5000-8000, and 
several minor components (8-10). Immunochemical hetero- 
geneity of the circulating human parathyroid hormone, pre- 
sumably due to the different molecular forms of PTH, was 
initially reported by Berson and Yalow (11), and has been 
confirmed by others (12, 13). The specific site(s) of cleavage 
in the 84-amino-acid polypeptide chain of the parathyroid 
hormone in the general circulation is unknown. A biologi- 



Abbreviation : PTH, parathyroid hormone 



cally active peptide fragment of bovine PTH, prepared by 
dilute acid cleavage, has been reported (14, 15), a result indi- 
cating that the intact 84-amino-acid polypeptide is not needed 
for biological activity. This peptide has been identified as the 
amino-terminal peptide of the hormone, and is composed of 
the initial 30 residues of the sequence (15). Synthetic peptides 
of the first 34 residues of the bovine hormone (16) and the 
initial 30 residues of the porcine hormone (17) have been pre- 
pared and are biologically active, thereby confirming the 
localization of the biologically active region of the parathyroid 
hormone to the amino-term^il third of the 84-amino-acid 
polypeptide chain. ^ *~ 

The purpose of this communication is to report the amino- 
terminal sequence of the first 34 residues of human para- 
thyroid hormone, and to compare the amino-terminal se- 
quence of the human hormone to that of the bovine and 
porcine species. 



MATERIALS AND METHODS 

The human parathyroid hormone used in these studies was 
isolated from parathyroid adenomas obtained from patients 
undergoing surgery for hyperparathyroidism. Dried, defatted 
parathyroid tissue was initially extracted with 8 M urea in 
0.2 N hydrochloric acid, and fractionated with ether, acetic 
acid, sodium chloride, and trichloroacetic acid (TCA powder) 
(18). The TCA powder was further purified by gel filtration, 
followed by ion-exchange chromatography on CM-sephadex 
with an ammonium acetate gradient. Isolation of the hor- 
mone was monitored by radioimmunoassay and disc-gel 
electrophoresis. The procedures used in the isolation and 
characterization of the hormone will be described in detail 
in a separate report. 

Amino-acid analyses were performed on a Beckman- 
Spinco automatic amino-acid analyzer, model 12013 or 121 
adapted for high sensitivity or with a Durrum model 500 
analyzer. Analytical disc-gel electrophoresis was performed 
in 8 M urea at pH 4.4 (19). Immunoassays were performed by 
the procedure of Arnaud et al. (20). 

Automated Edman degradations were performed with the 
Beckman Sequencer, model 890B, in 1 M Quadrol buffer. 
The phenylthiohydantoin (PTH) amino acids were identi- 
fied by regeneration to the constituent amino acid by hy- 
drolysis with hydroiodic acid for 20 hr at 130° (21), gas-liquid 
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Fig. 1. Disc-gel electrophoresis of purified human (left) and 
bovine (right) parathyroid hormones. 

chromatography (22, 23), and mass spectrometry (24-26). 
Chemical ionization mass spectrometry was performed on a 
Finnigin mass spectrometer equipped with a PDP-8/e Digital 
computer, and a Complot Plotter. Isobutane was used as the 
carrier gas, and the source was maintained at 200°. The sam- 
ples were applied by a direct insertion probe, and the probe 
was heated from 30° to 250° ^\er a 90-sec period. Electron 
impact mass spectrometry was performed on an LKB mass 
spectrometer, model 9000, with a direct insertion probe and 
an electron energy of 70 eV. 

RESULTS 

The purified human parathyroid hormone migrated as a 
single component on disc-gel electrophoresis, with a mobility 
identical to that of the bovine parathyroid hormone (Fig. 1). 
Amino-terminal analysis of the purified peptide by the Ed man 
technique revealed serine. 

350 nanomoles of the purified hormone were degraded on 
the Beckman Sequencer by use of a single cleavage of hepto- 




Fig. 2. Amino-acid sequence of the amino-terminal 34 residues 
of human parathyroid hormone. 



fiuorobutyric acid at each degradation. The results of the 
degradation of the first 34 residues of the human parathyroid 
hormone are shown in Fig. 2. The chemical ionization mass 
spectra of the phenylthiohydantoin (PTH) amino acids ob- 
tained at each of the 34 steps in the sequence are shown in 
Fig. 3. A "quasimolecular" (QM + ) or major fragmentary 
ion is observed in each spectrum (25). At step 12 in the se- 
quence, a quasimolecular ion for glycine (m/e 192) and leu- 
cine (m/e 249) are observed (Fig. 3). Quantitation by the gas 
chromatography method of glycine (0.28 pM) and leucine 
(0.09 yM) permits definitive identification of glycine as the 
twelfth amino acid in the sequence, with the leucine resulting 
from "overlap from step 11 (Fig. 2). The ion at m/e 292 and 
293 in the mass spectra of step 20 are contaminant ions often 
observed in variable amounts in the aqueous layer of the 
Edman reaction. Leucine/isoleucine and lysine/glutamine 
yield identical masses of m/e 249 and m/e 264, respectively, 
on chemical ionization mass spectrometry. Lysine, however, 
can be distinguished from glutamine by the fragmentary ion 
at m/e 306, as illustrated in the spectra of residues 26, 27, 
and 28. Lysine/glutamine and leucine/isoleucine were also 
readily differentiated by gas chromatography on the CFC 
blend (23) and by electron impact mass spectrometry (24, 
25). 

These combined results provided a single unique sequence 
for the first 34 residues of human parathyroid hormone (Fig. 
2). 

DISCUSSION 

The amino-acid sequence of the first 34 residues of human 
parathyroid hormone is of major importance, since previous 
studies of the bovine and porcine species have indicated that : 
this is the biologically active region of the native hormone. : 
The first 34 residues of human PTH differ from bovine PTH • 
by six residues, and porcine PTH by five residues (Fig. 4)v* 
The amino-terminal IS^esidues of human and porcine PTH^. 
are identical; however, bovine PTH differs from human ahd^ 
porcine PTH in position 1 and 7, where alanine substitutes ' 
for serine and leucine replaces phenylalanine (Fig. 4). In the 
remaining 16-34 region, human PTH differs from porcine 
PTH by five residues, and from bovine PTH by four residues 
(Fig. 4). Human PTH contains two methionine residues- 
similar to the bovine species — whereas porcine PTH contains 
a single methionine at position 8 (Fig. 4). The human se- 
quence is unusual in that it contains four consecutive basic 
residues (arginine residue 25, and lysine residues 26-28). 
Amino-acid residues in the first 34 that are unique to the 
human sequence include an asparagine at position 16, gluta- 
mine at position 22, lysine at position 28, and a leucine at 
position 30. 

One of the major problems in the clinical assessment of 
patients with disorders of mineral metabolism has been the 
difficulties encountered with the radioimmunoassay of human f 
parathyroid hormone. There have been two basic problems 
with the immunoassay of PTH. The first problem, as dis- 
cussed above, has been the presence in the peripheral cir- 
culation of peptide fragments of the 84 amino-acid polypep- 
tide chain (8-10). Antisera from various laboratories un- 
doubtedly have immunological determinants for different, 
regions of the intact molecule, thus leading to variable and 
sometimes inconsistent results when applied to the measure- 
ment of PTH circulating in human blood (27). In additiq 
.the differentiation by immunoassay of biologically actt 



Proc. Nat. Acad. Set. USA 69 {1972) 



Human Parathyroid Hormone 




3587 



* M/E — - *u 260 300 340 

«f thae ass.,, „ vari , Mei ^fdiTon fc SenS,,, ™ ,eS 



HJ»- 



tion site of this ahonrh^ *■ ira S ments > and the recogni- 

HUMAN PARATHYROID HORMONE 

20 ?s -, A 

° 30 34 

BOVINE PARATHYROID HORMONE 
10 15 




sequence of the anuno-tennina, 34 residues of hurnan, bovine- 



and porcine-parathyroid hor- 



3588 Biochemistry: Brewer et al. 



Proc. Nat. Acad. Sci. USA 69 (1972) 



terminal fragment in the circulation of human subjects. This 
may be due either to rapid clearance of the amino-terminal 
fragment from the circulation, or to poor cross-reactivity 
of the amino-terminal specific bovine antiserum with the 
amino-terminal region of the human hormone. It is of in- 
terest that the human sequence differs in the 14-19 region 
from the bovine hormone by the substitution at residue 16 of 
an asparagine for a serine residue (Fig. 4). The significance 
of this substitution in the human hormone to the results ob- 
tained by Habener et al. with their amino-terminal specific 
bovine antiserum is unknown. Canterbury and Reiss have re- 
ported results on the nature of the circulating fragment of the 
parathyroid hormone that are in contrast to those reported by 
Habener et al. Using an antiserum prepared against bovine 
parathyroid hormone, these investigators have identified three 
different immunochemical forms of the parathyroid hormone 
in the peripheral circulation of hyperparathyroid patients (32). 
The molecular weights of these three components, as deter- 
mined by gel filtration, were 9500 (presumably glandular 
PTH), 7000-7500, and 4500-5000. Recently, these investiga- 
tors have directly assessed the biological activity of these 
three fragments in a renal adenylate cyclase system (33). Both 
the 9500 and the 4500-5000 fragment stimulated the adenyl- 
ate cyclase system, whereas the 7000-7500 component was 
inactive. These results are consistent with the presence of an 
amino-terminal biologically active fragment of PTH of about 
one-half the size of the glandular hormone in human hyper- 
parathyroid serum. 

The determination of the amino-terminal sequence of the 
human parathyroid hormone will now permit the synthesis of 
peptides based on the human sequence for both clinical and 
investigative use. Synthetic^fragments, as well as chemical 
analogues, will permit more definitive studies to be performed 
on the chemistry of the human hormone, including the specific 
residues and the minimum length of the polypeptide chain 
that is required for biological activity'. In addition, these syn- 
thetic fragments will enable investigators to characterize the 
heterologous antisera currently in use in the immunoassay, 
and to develop specific antisera directed toward the amino- 
terminal region of the human hormone. Antisera based on the 
human sequence will enable more detailed studies to be per- 
formed on the nature of the circulating hormone in man, and 
its role in calcium homeostasis and metabolic bone disease. 

An international cooperative effort has made the work reported 
in this manuscript possible. More than 150 individual laboratories, 
physicians, surgeons, and pathologists donated human para- 
thyroid tissue for use in the extraction and purification of the 
human parathyroid hormone that was used in the determination 
of the amino-terminal sequence of the human hormone. Space 
does not permit a listing of their names here; however, they are 
represented by human PTH study groups from Australia, Canada, 
Europe (Belgium, Germany, Holland, and Switzerland), France, 
Japan, Mexico, Spain, Sweden, and the United States. A giHeat^ 
deal of the credit for the results reported in this manuscript is 
due to the untiring efforts of these individuals. We also thank Drs. 
Henry Fales and Bill Milne for their assistance in the mass spec- 
trometric analyses. The excellent technical assistance of^Mr. 
Wayne Blanchard, Mrs. M. Juliariva, Mrs. Jody^ Larsen, Miss 
Ann Kelly, and Miss Janice Leoffler is gratefully acknowledged. 
This work was supported in part by grants from the U.S. Public 
Health Service (NIH-Am 12302) and from the Mayo Founda- 
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2 

DNA Is the 
Primary Genetic Material 



The realization that genes determine the structure 
of proteins was a very important milestone in the 
development of genetics, but it did not have any 
immediate consequences- As long as the molecular 
structure of the gene was unknown, there was no 
way to think constructively about gene-protein re- 
lations. In fact, as recently as 1950 there was no 
general agreement on which class of molecules 
genes belonged to. Nevertheless, the best guess 
was that the gene was the deoxyribonucleic acid, 
a still poorly understood polymeric macromol- 
ecule that was just starting to be called by its ab- 
breviation DNA. 

DNA Is Sited Exclusively 
on Chromosomes 

For many years it was hoped that as microscopes 
improved, it might eventually be possible to see 
genes sitting side by side along chromosomes. But 
even with the advent in the early 1940s of the first 
electron microscopes, which had a potential reso- 
lution over 100 times greater than that of light 
microscopes, there were disappointments. The 
first electron-microscope pictures of chromosomes 
showed no repeating pattern at the molecular 
level; this suggested a highly irregular gene struc- 
ture that would not be simple to interpret. At- 
tempts to purify chromosomes away from other 
cellular constituents were much more informative, 
although it was impossible to obtain really pure 
chromosomes. 

Two main chromosomal components were al- 
most invariably found: (1) deoxyribonucleic acid 
(DNA), and (2) a class of small, positively charged 
proteins known as the histones; these, being basic, 
neutralized the acidity of DNA. DNA had been 



known to be a major constituent of the nucleus 
(hence the name "nucleic" acid) ever since its dis- 
covery in 1869 by the Swiss scientist Frederick 
Miescher. In the 1920s, with the DNA-specific 
purple dye developed by the German chemist 
Robert Feulgen, DNA was found to be sited ex- 
clusively on the chromosomes. DNA therefore 
had the location expected for a genetic material- In 
contrast, the histones could apparently be ruled 
out as genetic components because they were ab- 
sent from many sperm, which contained instead 
even smaller basic proteins, the protamines. But 
most biochemists were not inclined to focus atten- 
tion on DNA. They thought it would not be nearly 
as specific as the proteins, of which they knew an 
unlimited number could be constructed by chain- 
ing together the 20 amino acids in different or- 
ders. So it was widely believed that some minor 
and not yet well-characterized protein component 
of the chromosomes might be found to be the true 
genetic material. 

Cells Contain RNA as well as DNA 

Already late in the nineteenth century it had been 
discovered that cells have a second kind of nucleic 
acid — what we now call ribonucleic acid (RNA). 
Unlike DNA, which is located exclusively in the 
nucleus, RNA is found in the cytoplasm as well as 
in the nucleus. Within the nucleus, RNA is con- 
centrated in a few dense granules (nucleoli) that 
are attached to chromosomes. 

Both DNA and RNA resemble proteins, in 
that they are constructed from many smaller build- 
ing blocks linked end to end. However, nucleo- 
tides, the building blocks of nucleic acid, are more 
complex than any amino acid. Each nucleotide 
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The Experimentally Controlled 
Introduction of DNA 
into Yeast Cells 



The baker's yeasc Saccbaromyces ceretnsiae is one of 
the most useful eukaryotic organisms for the study 
of the regulation of gene expression. Because of its 
small genome (only four times the size of £. coli'i) 
and short generation time (a few hours), yeast can 
be experimentally manipulated as easily as most 
prokaryotes. At the same time, it can be used to 
study some extremely complex phenomena spe- 
cific to eukaryotes, including chromosome struc- 
ture, mitotic and meiotic cell division, RNA splic- 
ing, and so on. The genetics of yeast has been well 
worked out, and hundreds of mutations affecting 
nutritional requirements, mating, cell division, 
and radiation sensitivity have been isolated and . 
mapped by conventional methods. Moreover, 
yeast is a particularly attractive organism for the 
geneticist because it can be maintained in either 
the haploid or the diploid state. Complementation 
between genetic markers can be easily tested by 
mating pairs of haploid strains that each carry one 
of the markers. The resulting diploid will reveal 
whether there is complementation. The diploid 
can then be induced to undergo meiosis to yield 
four haploid cells, the products of meiotic division. 
Recessive markers can be followed easily in the 
haploids, which gready simplifies analysis of link- 
age and recombination. With the advent of recom- 
binant DNA technology and the development of 
techniques to introduce DNA into yeast cells, this 
organism has recendy been used to make signifi- 
cant advances in our understanding of the molecu- 
lar biology of eukaryotes. 

For example, classical yeast genetics suggested 
the existence of positive and negative regulatory 
functions acting to control gene expression. The 



cloning of these regulatory genes is opening the 
molecular details of their functions to inspection 
and manipulation. Various structural properties of 
the yeast genome have been deduced from the 
behavior of recombinant DNA when it is trans- 
formed into yeast. As we shall describe, these 
investigations have identified particular chromoso- 
mal origins of replication, centromeric sequences 
(attachment points to the mitotic spindle), and 
functional telomeres (chromosomal ends). In ad- 
dition, these studies have provided insight into the 
generic properties of tandem reiterated sequences, 
like the ribosomal RNA genes, and dispersed re- 
peated sequences, like the transposable elements. 

Further, the availability of cloned genes pro- 
vided an opportunity to study the structure of the 
chromatin at particular genes and to investigate 
the role of chromatin proteins in the regulation of 
gene expression. Finally, using yeast it is possible 
to mutagenize cloned genes (Chapter 8, page 109), 
reintroduce the mutant genes into their proper 
positions in the genome, and then assess the effects 
of the mutations on the genes' function. This "re- 
verse genetics" will expand significandy the num- 
ber of alleles of a given locus that can be obtained, 
and will increase our knowledge of the way in 
which the information in the DNA is inherited, 
regulated, and ultimately expressed. 

Yeast Spheroplasts Take Up Externally 
Added DNA 

DNA can be introduced into yeast quite easily. 
The yeast cellulose cell wall is removed enzymaii- 
cally to produce ' ' spheroplasts. " The spheroplasts 
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are then exposed to DNA, CaCl 2 , and a poiyal- 
cohol (such as polyethyleneglycol) that makes the 
membrane permeable and allows entry of the 
DNA. The spheroplasts are suspended in agar and 
allowed to regenerate a new cell wall. 

Expression of Yeast Genes in E. coli 

A major breakthrough in the cloning of yeast 
genes for use in transformation was the discovery 
that some of them could complement mutations in 
E. coli Thus, the leu2 gene of yeast, which codes 
for an enzyme (£-isopropylmalate dehydroge- 
nase) in the leucine biosynthetic pathway, can 
complement the leuB mutation in E. coli This is 
probably not because the £. coli RN A polymerase 
recognizes the yeast gene promoter, but rather 
because the E. coli polymerase occasionally tran- 
scribes stretches of yeast DNA at random. If one 
of these transcripts includes a yeast structural gene, 
the RNA can be translated into a functional en- 
zyme (assuming that the yeast gene does not con- 
tain introns). About 30 percent of yeast genes are 
found to be functional in E. coli, and although this 
can be thought of as a cloning artifact, it is a very 
fortuitous one. The total DNA of yeast cells can be 
cloned into plasmids, which are then used to trans- 
form E. coli cells carrying appropriate mutations. 
Bacterial cells receiving plasmids carrying the cor- 
responding yeast gene can then be selected. Sev- 
eral yeast genes coding for biosynthetic enzymes 
in the tryptophan, histidine, arginine, and uracil 
pathways (for example, trpl, his 3, arg8, and ura3) 
have been direcdy cloned in this manner. The plas- 
mid DNA can be extracted from the bacteria and 
then used to transform mutant yeast strains using 
the spheroplast method just described. 

Shuttle Vectors 

With the advent of efficient methods for trans- 
forming yeast spheroplasts, the cloning of yeast 
genes by complementation of mutations in E. coli 
as described above has been superseded by direct 
complementation of mutants in yeast itself. The 
method also depends upon so-called shuttle vec- 
tors, plasmids that contain both bacterial se- 
quences that signal DNA replication in E. coli and 
sequences that signal DNA replication in yeasc. 
After digestion with appropriate restriction en- 



zymes, total yeast DNA is inserted into shuttle 
vectors and propagated in E. coli. The mixed popu- 
lation of plasmids is introduced into yeast sphero- 
plasts. Any recombinant plasmid that comple- 
ments a mutation in the recipient spheroplasts 
under selective conditions can be identified and 
reintroduced into £. coli and grown in large 
amounts (Figure 12-1), The important point is that 
direct complementation in yeast is not limited to 
genes for metabolic or biosynthetic enzymes. Any 
gene for which a mutation can be identified can, in 
principle, be cloned in this way. 

Yeast Also Contains a Plasmid 

Most strains of yeast contain an autonomously 
replicating ring of DNA called the 2/i circle 
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Figure 12-1 

Shuttle vectors contain DNA sequences that 
allow replication in £. coli as well as sequences 
that allow replication in yeast. Such plasmids can 
chus be shuttled back and forth between the two 

organisms. 
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(Figure 12-2). This yeast plasmid, about 6300 bp 
in length, is present in the nucleoplasm of yeast at 
about 50 copies per celL The 2ft DNA is packaged 
into nucleosomes that have a normal complement 
of histones. Like most bacterial plasmids, the 2jx 
circle contains a single origin of replication. In 
addition, the yeast plasmid itself encodes two so- 
called "REP" functions (presumably proteins, al- 
though they have not been identified) that pro- 
mote amplification of the 2jul circles when the copy 
number is low. In this way the stability of the 2>i 
circle in yeast can be maintained even in the ab- 
sence of attachment to the mitotic apparatus of the 
cell. Under normal conditions, the 2ft circle repli- 
cates at the same rate as the rest of the genome. 
When the copy number drops, however, the REP 
proteins can apparently override the normal cou- 
pling of plasmid replication to the cell cycle and 
initiate multiple rounds of independent replication 
of the 2 jul "circle, until the copy number is brought 
back to 30 to 50 per cell. 



Increasing Transformation Efficiency 
by Addition of Replication Origins 

Transforming DNA can be established in yeast 
either by integration into the chromosome or by 
autonomous replication as an episome. The pres- 
ence or absence of ARS (autonomously rep- 
licating sequence) elements determines the fate of 
the introduced DNA. High-efficiency episomal 
transformation is achieved by including on the cir- 
cular plasmid a DNA segment that contains an 
origin of DNA replication (an ARS), which allows 
replication in the yeast cell independently of the 
yeast chromosome (Figure 12-2). The presence of 
an ARS element on a plasmid frequently allows as 
much as 1 percent of a yeast spheroplast popula- 
tion to be transformed. 

Such ARS segments have been isolated from 
the indigenous yeast plasmid (the 2p circle) and 
from randomly cloned segments of the yeast chro- 
mosome. They contain at least 60 bp, are AT-rich 




Figure 12-2 

Four yeast plasmids. An integrating plasmid contains a yeast selectable marker but 
no yeast origin of replication. Such plasmids will be stable in yeast only by 
integration into the yeast chromosome. A replicating plasmid contains a yeast 
selectable marker and a segment of DNA from the yeast 2ja circle. The 2ji-circle 
DNA contains the origin of replication and also the "rep" genes, which stably 
maintain the plasmid extrachromosomally at a relatively low copy number. An 
episomal plasmid contains a segment of DNA (the ARS sequence) that allows the 
plasmid to replicate autonomously in yeast cells; however, there is no mechanism to 
maintain such extrachromosomal plasmids at high copy number during mitosis, and 
these ARS-containing plasmids are unstable. Stability is achieved by adding a CEN 
sequence, a segment of DNA from one of the yeast centromeres that bind to the 
spindle apparatus during mitosis. The CEN sequence ensures stable segregation of 
the extrachromosomal plasmid during mitosis. 
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(about 80 percent) and have within them 

c 

the consensus sequence AAA^ATAAA. Inter- 
estingly, segments of DNA that have been cloned 
from xnate,Dksyostelium, zndDrosopbila also func- 
tion as ARS elements in yeast plasmids. While 
ARS elements from these various sources function 
as signals for extrachromosomal replication of 
DNA introduced into yeast, there is no firm evi- 
dence as yei that these sequences function as sites 
of initiation of chromosomal DNA replication in 
yeast or in any of the other species. So the presence 
of these sequences in the chromosomes of many 
diverse species may simply be the result of chance. 



Stabilizing Yeast Plasmids with Yeast 
Centromere DNA 

When recombinant bacterial plasmids such as 
pBR322 containing inserted ARS elements and 
foreign genes are introduced into yeast cells, the 
efficiency of transformation is high. But usually the 
plasmid is lost from the cells as they multiply if the 
selective pressure is removed. After ten genera- 
tions only about 5 percent of the cells still have the 
plasmid. During cell division the plasmids appar- 
ently do not segregate regularly and uniformly 
between the two daughter cells. To overcome this 
difficulty, DNA segments containing sequences 
from the centromere (CEN) region of yeast 
chromosomes can be introduced into the plasmid 
(Figure 12-2). These sequences ensure the attach- 
ment of the chromosomes to the spindle fibers of 
the mitotic apparatus, and therefore effect the 
equal segregation of the chromosomes when the 
cell divides. Plasmids containing these CEN se- 
quences are thus stably maintained by the same 
mechanism that ensures equal segregation of 
chromosomes. 

CEN sequences were cloned, identified, and 
isolated by the chromosome-walking procedure. 
Two genetic markers that had been mapped by 
classical genetics and so were known to be close to, 
but on either side of, the centromere of chromo- 
some 3 were selected. Clones from a yeast DNA 
library with segments of these genes were iden- 
tified. Further clones overlapping the first pair 
were selected. The DNAs were then sequenced 
unril rhe sequence of the complete segment from 



one gene to the other and spanning the cen- 
tromere was obtained. The cloned DNA frag- 
ments were introduced individually into shuttle 
vectors, grown in E. coli, and then introduced into 
yeast. Plasmids carrying one particular segment of 
DNA were stably maintained in the host yeast cells 
and were presumed to contain the centromere of 
chromosome 3- DNA segments with stabilizing 
activity have also been isolated from chromosomes 
4 and 11 by walking from centromere-linked 
markers on those chromosomes. Sequence com- 
parison of the segments from chromosomes 3 and 
4 have revealed several short blocks of sequence 
homology flanking an AT-rich region 80 to 90 
base pairs in length. 

In addition to ensuring equal segregation dur- 
ing mitosis, a bona fide centromere would be ex- 
pected to obey the rules of centromeric segrega- 
tion during meiosis leading to gametes, Plasmids 
containing long stretches of DNA from the cen- 
tromeric regions (6 to 10 kb»ehave as expected 
in meiosis. With few exceptions, a single CEN 
plasmid goes to one or the other pole in the first 
meiotic division and then segregates to both 
daughters in the second meiotic division. Smaller 
subcloned regions of this 6-to-10-kb segment are 
capable of stabilizing plasmids in mitosis, but they 
do not direct proper segregation at meiosis. This 
indicates that the fully functional centromere se- 
quence may be longer than that deduced from 
experiments with only mitotically dividing cells. 

With the knowledge that CEN sequences sta- 
bilize plasmids, it is now possible to isolate them 
by randomly cloning total yeast DNA into ARS- 
containing plasmids and selecting the recombinant 
plasmids that are stably maintained following 
transformation. Usually CEN-containing plasmids 
are maintained at a low copy number in transfor- 
raants, at about an average of one plasmid per cell. 
For studies of gene regulation, it is, of course, 
desirable to have a system in which the gene dos- 
age can be controlled; this is another advantage of 
CEN-containing plasmids. 

In summary, then, the most efficient plasmid 
vector for yeast transformation would contain: se- 
quences of E. coli plasmid pBR322, an ARS se- 
quence, a CEN sequence, a selectable yeast 
marker gene (such as leu2), and one or several 
unique restriction enzyme sites to allow insertion 
of foreign DNA. 
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Hairpin Loops at the Ends (Telomeres) 
of Yeast Chromosomes 

Yeast transformation has also been useful for 
defining the structure of telomeres, the ends of 
eukaryotic chromosomes. The mechanism by 
which the ends of linear DNA duplicate is not a 
trivial problem, because DNA polymerase only 
synthesizes DNA starring from an RNA primer. 
The replicated linear DNA chromosomes could 
thus end up with terminal gaps arising from exci- 
sion of the RNA primers used to commence syn- 
thesis at their 5' ends. Some linear DNA viruses, 
like bacteriophage \> avoid the gap problem by 
forming circular DNA intermediates. Other 
viruses having linear DNA molecules, like the 
phages T7 and T4 f have the same sequence at the 
ends of their DNA molecules, so that their early 
replicating DNA intermediates can aggregate into 
long end-to-end concatamers which are later cut 
into complete genome-length molecules. 

Another way out of the gap dilemma is to have 
the two strands of the linear DNA linked to one 
another at the terminus; that is, in a hairpin loop. 
When a replication fork proceeds to the end of 
such a structure, the end of the hairpin is now the 
center of symmetry of an inverted repeat, which, 
as we saw previously, can form a cruciform struc- 
ture. Such a DNA molecule can then be resolved 
by nucleolytic cleavages on opposite strands to 
form two daughter DNA molecules, with a gap of 
a nick in each (Figure 12-3). 

The amplified ribosomal DNA (rDNA) 
genes of the ciliate Tetrabymena were the first te- 
lomeric structures to be analyzed in detail. It was 
found that the ends of these extrachromosomal 
rDNA molecules are indeed hairpin structures. 
The rDNA telomeres consist of the repeating 
DNA unit CCCCAA. The number of these C 4 A 2 
units was found to vary from 20 to 70 in different 
rDNA molecules, giving length heterogeneity in 
the sizes of the restriction enzyme fragments that 
axe generated from the ends of rDNA molecules. 
These T nrabymena rDNA hairpins were ligated to 
the ends of a linear plasmid containing the yeast 
leu2 gene and an ARS sequence. When such a 
plasmid was introduced into yeast spheroplasts, it 
replicated and remained a linear DNA molecule. 
This indicated that Tetrabymena telomeres can 
function in yeast. Furthermore, the essential struc- 
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Figure 12-3 

A model for telomere replication. The ends of 
Tetrabymena rDNA molecules are hairpin loops 
consisting of a variable number of CCCCAA 
repeating units on one strand and GGGGTT 
units on the other. The replication fork copies 
out co the end of the DNA molecule. What was 
the terminus of the molecule is now the center 
of an inverted repeat structure. The palindromic 
sequence can form a cruciform or Holliday 
structure that can be resolved by nucleolytic clips 
on opposite strands. The result is two replicated 
daughter molecules with hairpin loops. 
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cure of the rDNA telomere, that is, its hairpin 
loop, was maintained (Figure 12-4). 

These Tetrabymena telomeres were then used 
to clone chromosomal telomeres from yeast. This 
was done by constructing a linear plasmid similar 
to the one just described, but with a Tetrabymena 
telomere at only one end. The other ends of the 
linear molecules were ligated to total yeast DNA 
that had been cleaved with the restriction enzyme 



Figure 12-4 

Cloning yeast telomeres, (a) The ends of 
Tetrabymena rDNA (telomeres) containing 
hairpin loops are ligated to each end of a linear 
plasmid containing the yeast leu2 gene and an 
ARS sequence. Such molecules replicate and 
remain linear when they are introduced into 
yeast cells, (b) A linear plasmid is constructed as 
in part (a), but with a Tetrabymena telomere at 
only one end. These molecules are ligated to 
total yeast DNA that has been cleaved with Pvu 
II. When they are introduced into yeast cells, 
plasmids that picked up a yeast telomere are able 
to replicate as linear plasmids. 



TETRAHYMENA TELOMERE 
■1CCCCAAA 
MGGGCTTV 



UN EAR PLASMID 



I 



UGaTE 



^„„lLLL^3m jflSI [ml ^11^ 

LINEAR YEAST PLASMID CONTAINING 
TBTRAHYMSNA TELOMERES 



INTRODUCE INTO 
5PHEROP LASTS 



REPUCaTESASA 
LINEAR PLASMID 



(a) 




TURAHYMiNA 
TELOMERE 



TOTAL YEaST DNA 



LINEAR YEAST PLASMID 



\ 



/ 



UGATg 




TRANSFORM YEAST CELLS AND 
SELECT FORIouS 



06/03 '96 WED 13:19 FAX 61 2 6627312 
158 CHAPTER 12 



DDU UNSW 



©010 



PpuTL, which generates about 2000 DNA frag- 
ments, of which 34 should be telomeres (assuming 
17 chromosomes). This ligated DNA was then 
used to transform yeast cells. Several leu* 
colonies were found to contain linear plasmids 
with yeast DNA at one end. Thirty to forty copies 
of this fragment are present in the total yeast 
genome, consistent with a model in which every 
yeast telomere is homologous to the copy that was 
cloned. Further analysis indicated that the differ- 
ent chromosomal telomeres in yeast are very simi- 
lar to one another for about 3 or 4 kb from the 
end; the chromosomal sequences then diverge. 

By using smaller and smaller pieces of yeast 
telomeric DNA, and by introducing specific muta- 
tions in this DNA, it should be possible to pin- 
point those sequences or structures that are essen- 
tial for telomere function. 

Directed Integration of Cloned DNA 
into the Yeast Chromosome 
DNA transformed into yeast spheroplasts can inte- 
grate into chromosomes. Almost all integration 



occurs by a crossover event between homologous 
sequences on the incoming DNA molecule and 
the yeast chromosome. If the DNA is introduced 
into the yeast cell as a circular molecule, integra- 
tion turns out to be a very rare event, occurring on 
the order of 1 in 10 6 cells, even if the region of 
homology with the chromosomal sequence is 
more than 10,000 base pairs. However, if the plas- 
mid is first cut with a restriction enzyme and is then 
introduced into yeast spheroplasts, it integrates 
into the chromosome at a site homologous to the 
cut site about 100 times more frequendy than 
when it is introduced as a circular molecule (Fig- 
ure 12-5). So it is possible to direct an incoming 
plasmid to a specific site in the yeast chromosome 
by cutting it at an appropriate place with a restric- 
tion enzyme. 

This ability to direct transforming DNA to a 
specific site in a yeast chromosome can be used to 
replace a wild-type gene with a mutant one. The 
procedure, called "allele replacement," allows the 
study of the effects of a specific gene mutation 
made in vitro on the expression of that gene. Be- 
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Figure 12-5 

Directed integration into the yeast chromosome. An integrating yeast plasmid (triat 
is, one without a yeast origin of replication) can be directed to integrate at a specific 
site by cleaving the plasmid with a restriction enzyme. For reasons that are unclear, 
a linear DNA molecule with ends homologous to a sequence in the yeast 
chromosome is hundreds of times more recombinogenic than a circular molecule. 
Cleaving a plasmid anywhere in the ura3 gene will cause in icgrarion into the ura3 
locus in the yeast chromosome, whereas cleavage in the aciiti gene in the plasmid 
will ensure integration at the actin locus. 
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Figure 12-6 

A yeast retriever vector. A wild-type yeast gene 
is cloned, along with its flanking sequences, into 
an integrating yeast plasmid (one without a yeast 
origin). The wild-type gene must be flanked by 
sites for two different restriction enzymes (here, 
Hindlll and Aim HI). The plasmid also contains 
a yeast selectable marker (here, ura3). Such a 
clone can be used to retrieve a mutant allele of 
the cloned gene from the yeast chromosome: 
When a yeast spheroplast is transformed to ura* 
by one of these plasmids, integration will occur 
by a homologous crossover into the yeast 
chromosome at the mutant allele. If integration 
occurs within the gene, the procedure will not 
be successful; however, if the crossover occurs in 
the flanking sequences, the result will be a 
tandem arrangement of the wild-type and mutant 
alleles in the chromosome. As depicted here, 
subsequent cleavage of such DNA with /findlll 
and drcularization will liberate the wild-type 
allele on a plasmid with the Amp R gene, whereas 
cleavage with ftwwHI and drcularization will re- 
sult in the mutant allele being retrieved- (If the 
integration had occurred in the 3' flanking se- 
quences, then cleavage with Hindlll and BdmHl 
would have given the opposite results.) 
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cause the altered gene is sitting in the yeast chro- 
mosome at its "correct" site, one can be more 
confident that any effects observed are actually due 
to the mutation, and not to changes in chromoso- 
mal location or changes in copy number. This tech- 
nique was used to replace one of the yeast aenn 
alleles with a mutant actin gene created by site- 
specific mutagenic procedures. The result was a 
recessive lethal mutation, indicating that func- 
tional actin is essential for the survival of yeast. 

Retriever Vectors 

The fact that integration of a plasmid into the yeast 
chromosome occurs by homologous recombina- 
tion can be used to isolate naturally occurring mu- 
tant alleles of a yeast gene once the wild-type gene 
has been cloned. This can be done in either of two 
ways. 

In one technique, a plasmid containing the 
wild-type yeast gene and flanking sequences is con- 
structed in such a way that there are two unique 
restriction sites, one on each side of the yeast gene 
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(Figure 12-6). The plasmid also contains the am- 
picillin-resistance gene of pBR322 and a yeast se- 
lectable marker (such as ura3), but no yeast repli- 
cation origin, so that the only way that yeast cells 
can be transformed to ura+ is by integration of the 
plasmid into a chromosome. (Although this is a 
low-frequency event with a circular plasmid, it will 
occur.) If the recombination of the plasmid with 
the yeast chromosome occurs in the flanking se- 
quences of the gene, then the chromosome of the 
transformed yeast cell now contains two copies of 
the gene in tandem: the newly integrated copy 
Hnd the endogenous allele (Figure 12-6). Yeast 
chromosomal DNA from the transformed cells is 
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Figure 12-7 

Another type of retriever vector. A yeast gene is 
cloned into a plasmid with a yeast origin of 
replication. The yeast gene (here, MAT) is then 
excised by using restriction enzymes, but V and 
3' flanking sequences remain on the plasmid. 
When this construction is used to transform yeast 
cells, the only way it can replicate is to be 
repaired back into a circle. This can occur if the 
y and 3' flanking sequences of the cloned gene 
pair up with their homologous sequences in the 
chromosome. DNA replication will result in the 
mutant allele from the chromosome being 
"copied ouio" rhe plasmid, which can then be 
used co transform E. coir. 



then cleaved separately with each of the two re- 
striction enzymes whose recognition sites flanked 
the yeast gene in the plasmid used for transforma- 
tion. Depending on which side of the resident 
chromosomal gene the recombination occurred, 
cleavage with one of the restriction enzymes fol- 
lowed by circularization will result in an ampicil- 
Un-resistance plasmid containing the allele that w*s 
resident in the chromosome, while cleavage with 
the other enzyme will result in an ampicillin-resis- 
tance plasmid with the original cloned gene (Fig- 
ure 12-7). 

A more efficient method of retrieving mutant 
alleles from the ye^st chromosome is to begin with 
a plasmid containing a yeast selectable marker, an 
origin of replication, and a yeast gene with its 
flanking sequences. Restriction enzymes are used 
to excise the yeast gene, leaving only the flanking 
sequences. The result is a plasmid with a large gap 
in it. When this gapped plasmid is transformed 
into yeast cells, it must be repaired to a circle in 
order to replicate; the easiest way for this to occur 
is for the flanking sequences to recombine with 
their homologous sequences in the chromosome. 
These sequences in the chromosome, of course, 
flank the gene that is to be retrieved. This double 
recombination event results in the chromosomal 
copy of the gene being replicated into the gapped 
plasmid (Figure 12-8). The now circular plasmid 
containing a copy of the chromosomal allele can 
proceed to replicate in yeast cells and be isolated. 

Gene Organization 

By now, several yeast genes have been completely 
sequenced, including those for the proteins alco- 
hol dehydrogenase, glyceraldehyde 3-phosphate 
dehydrogenase, actin, enolase, anthranilate isome- 
rase, mating type (MAT al and MAT a2), a- 
pheromone (sex hormone), and the two forms of 
cytochrome r. Only one of these genes, that fpr 
actin, contains an intron. If this sample of yeast 
genes coding for proteins is representative of the 
whole genome, introns must be much rarer in 
yeast than in higher eukaryotes. In contrast, in- 
trons appear to be a regular feature of yeast tRNA 
genes. 

Outside the coding sequences are found se- 
quences of TATA A A A and TAT AAA, analogous 
to the "TATA boxes" of higher eukaryotes. These 
regions most likely serve as promoter elements. 
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DNA sequences responsible for the regulation of the yeast his3 gene. Site-specinc 
mutations were made throughout the promoter region of a cloned his3 gene, and 
the mutant genes were reintroduced into yeast at the normal his3 locus. It was 
found that two distinct regions were necessary for basal-level transcription, while 
two other distinct regions were necessary for the positive regulation of his3 
transcription by amino acid starvation. 
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Much less clear is the nature of the sequences cod- 
ing for the poly-A-addition sites. Some yeast genes 
may use AATAAA-like regions, whereas in other 
genes different sequences seem to play this role. 

Regulation of Gene Expression in Yeast 
Coordinated controlled genes in yeast are scat- 
tered throughout the genome on different 
chromosomes. This is unlike the situation in bacte- 
ria, where coordinately controlled genes are orga- 
nized into operons (Chapter 4). For example, 
three of the yeast genes specifying the enzymes of 
the hisudine biosynthetic pathway are on different 
chromosomes. Analysis of the DNA sequences on 
the 5' side of these structural genes (the region in 
which regulatory signals might exist) revealed re- 
markably little homology; fewer than 14 base pairs 
of sequence are common to all three regions. The 
question now is how, given so litde homology in 
supposed regulatory regions, a coordinated regu- 
lation of expression is achieved. Clearly, in eukar- 
yotic organisms there seems to be no evolutionary 
pressure to keep coordinately controlled genes in 
contiguous blocks, or operons. 

Studies of how the individual yeast genes are 
controlled have revealed that the sequences on the 
5' side of many regulated yeast genes, including 
cytochromes and the histidine biosynthetic en- 
zymes, have two components necessary for normal 
regulated expression. Promoter sequences lie 
close to the transcription-ini tiation site and are neces- 
sary for basal levels of transcription. In addition, 
sites for the action of positive regulatory molecules 
lie more than 100 base pairs further upstream 
of the sire of transcription initiation (Figure 12-8). 



Another important result from studieis of gene 
regulation in yeast by recombinant DNA methods 
is that at least some regulatory functions act at sites 
very distant from the beginning of the gene being 
regulated. For example, the HML and HMR silent 
mating-type genes are not expressed, even though 
they have completely functional genetic informa- 
tion, including a promoter. To be expressed, cop- 
ies of the gene must be inserted in the MAT locus 
(Chapter 11). The two silent genes are kept silent 
by two sequences of DNA that are many hundreds 
of base pairs away from the gene. Comparison of 
the structure of the chromatin at the MAT locus, 
where expression occurs, with that of the two si- 
lent genes reveals significant differences. Appar- 
ently, the structure of the chromatin — in other 
words, the way the DNA is complexed with his- 
tones and other proteins— can alter the accessibil- 
ity of the promoter to RNA polymerase. The same 
conclusion comes from studies of the yeast trans- 
posons, theTy elements. Insertion of aTy element 
hundreds of base pairs upstream from a transcrip- 
tional unit of a gene can cause the gene to be 
constitutively expressed; alternatively, such an in- 
sertion can completely shut off the gene's expres- 
sion. These effects may also be attributed to altera- 
tions in the structure of the chromatin. 

This correlation of chromatin structure, DNA 
sequence, and transcription with genetic analysis is 
gready increasing our understanding of gene 
regulatory mechanisms in eukaryotes. The knowl- 
edge that such mechanisms exist in yeast, a simple 
eukaryote, will at the very least make the identifi- 
cation of similar mechanisms in higher eukaryotes 
much easier. 
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Genetic Engineering of Plants by 
Using Crown Gall Plasmids 



Over the past 20 years, methods have been devel- 
oped for redifferentiating whole mature plants 
from cells growing in culture. These 'develop- 
ments have recently been coupled with the discov- 
ery that crown gall plasmids of certain soil bacteria 
naturally integrate into the chromosomes of the 
plant cells these bacteria infect. As a result, we 
have begun to exploit an entirely novel method of 
introducing individual genes into plants — a 
method that has great potential importance for 
plant breeding. Many other possible recombinant 
DNA techniques fqr plant genetic engineering are 
being investigated, but the crown gall plasmid sys- 
tem is currendy the most advanced. 

Conventional Plant Breeding 
Methodologies 

Plant breeding, the production of more useful 
plants, has by now become a very sophisticated 
branch of applied Mendelian genetics. The yields 
of crops like wheat and corn have steadily in- 
creased over the last 50 years, and these rates of 
increase are being maintained. One area of plant 
breeding that might be amenable to recombinant 
technology is the transfer of simple traits like dis- 
ease resistance from one variety or species to an- 
other. To introduce a particular desired gene or 
set of genes by conventional methods* the two 
lines are sexually crossed to give first-generation 
hybrids with a generic constitution derived from 
both parents. The hybrids are then grown up and 
repeatedly back-crossed with one parent until a 
plant with the desired genetic makeup emerges. 
This plant will have most of the genes of the one 



parental variety with a few particular desired char- 
acteristics from the other; the process is called in- 
trogression. Such breeding is necessarily slow and 
usually spans several years, even when a range of 
generic and breeding tricks are used to accelerate 
it. Furthermore, it is essentially restricted to sexu- 
ally compatible species that can hybridize with 
each other, thus, it is limited by the natural species 
barriers to gene exchange. 

Plant Cells in Culture 

When a plant is wounded, a patch of soft cells 
called a callus grows over the wound and, with 
time, phenolic compounds accumulate in these 
cells and harden and effectively seal the wound. 
The hardened callus is the plant's equivalent of 
scar tissue. If a piece of young, still-soft callus is 
removed and placed in a culture medium contain- 
ing salts, sugars, vitamins, amino acids, and the 
appropriate plant growth hormones, instead of 
hardening, the cells continue to divide, and give 
rise to a disorganized mass of relatively undifferen- 
tiated cells, a "callus culture." Pieces of tissue 
taken from inside a plant, or from young seedlings 
grown under sterile conditions, also give rise to 
similar cell cultures when the tissue pieces are 
placed in media containing plant hormones. 

Rediffereritiation of Whole Plants 
from Culture Plant Cells 

When cultures of plant cells of certain species s are 
exposed to media with appropriate growth hor- 
mones, some of the cells can be induced to redif- 
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Measurement of Prostate-Specific Membrane 
Antigen in the Serum With a New Antibody 

G.P. Murphy, W.T. Tino, E.H. Holmes, A.L. Boynton, SJ. Erickson, 
V.A. Bowes, RJ. Barren, B.A. Tjoa, S.L. Misrock, H. Ragde, 
and G.M. Kenny 

Pacific Northwest Cancer Foundation, Cancer Research Division, Department of Molecular 
Medicine, Department Cell Surface Biochemistry, Northwest Hospital, Seattle, 
Washington (GPM., W.T.T., LH.K, ALB., SJ.L, VA6\, R.J.B., BAT., HR. G.M.K.); 
Pennie and Edmonds, 1 155 Avenue of the Americas, New York, New York (S.LM.) 



ABSTRACT: Work to date has identified prostate-specific membrane antigen (PSMA) as 
a membrane-bound glycoprotein with high specificity for prostatic epithelial cells. PSMA 
reacts with the monoclonal antibody 7E11.C5, which is present in serum, seminal fluid, and 
prostatic epithelial cells, and is increased in its expression in the presence of a hormone 
refractory state associated with prostatic cancer. This report confirms these results and 
further documents the presence of the monoclonal antibody 3F5.4G6, which reacts with the 
extracellular domain of PSMA. This region of PSMA is also an element present in a truncated 
version of the protein, so-called PSM'. Immune precipitation with either 7E11.C5 or3F5.4G6 
yields an isolated protein species that are reactive with the reciprocal antibody in Western 
blot analysis. Thus, 3F5.4G6 recognizes the same PSMA protein as does 7E11.C5, but at 
different epitopes on essentially opposite ends of the molecule. These two antibodies are 
well suited for use in a sandwich immunoassay, either one as a capture or detection anti- 
body. Current work on this is underway. 

This report also confirms that 7E11.C5 Western blots for PSMA are negative with normal 
human brain tissue. The monoclonal antibody 9H10 does not react with 3F5.4G6 or with 
7E11.C5 in studies conducted herein. Moreover, 3F5.4G6 reacts with PSMA found in the 
LNCaP cell line, but not DU-145 or PC3, which lack PSMA. O 1996 Wiley-liss, Inc. 

KEY WORDS: prostate-specific membrane antigen (PSMA), prostate cancer, prostate 
marker 



INTRODUCTION 

We have previously described an antibody 
7E11.C5 that can, by enzyme-linked immunosorbent 
assay (EUSA) (with another antibody 9H10) or by 
Western blot, detect in prostate cancer patients a 
protein called prostate-specific membrane antigen 
(PSMA) (1-3). To validate this observation further, 
we collected sera in a prospective multicenter study. 
The sera were run on a double-blind basis without 
knowledge of the clinical state, or the presence or 
absence of prostate cancer [4]. Furthermore, we com- 
pared levels of prostate-specific antigen (PSA) con- 
currently with PSMA values [4]. The elevated PSMA 
levels predicted a state of clinical progression or clin- 



ical resistance in most cases (>70%). PSMA levels 
were of better prognostic value than PSA [4]. Despite 
these observations, there have recently been publica- 
tions questioning whether PSMA was present in the 
serum [5,6]. We have completed a series of experi- 
ments which validate our original observations, and 
herein report such. 
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MATERIALS AND METHODS 

Cell Lines and Reagents 

P3X63Ag8U.l (X63), an HPGRT-negative mouse 
myeloma cell line (CRL 1597 from ATCC, Rockvilie, 
MD), was maintained in 90% RPMI-1640: 10% Fetal 
Gone (HyClone, Logan, UT) supplemented with 2 
mM L-glutamine, peniculin/streptomycin, and 1 mM 
sodium pyruvate. Rabbit antimouse IgM and anti- 
mouse IgG were purchased from ICN (Costa Mesa, 
CA). Peroxidase-labeled goat antimouse IgG and goat 
antimouse IgM were purchased from Kirkegaard and 
Perry Laboratories (KPL, Gaithersburg, MD). LN- 
CaP, a prostate cancer cell line (CRL 1740, from 
ATCC, Rockvilie, MD) expressing PSMA, was main- 
tained in 95% RPMI-1640/5% fetal calf serum (FCS). 

Preparation of Immunogen 
and Immunization of Mice 

PSMA-derived peptide 716-723 (NH 2 -ESKVD- 
PSK-) was coupled to keyhole limpet hemocyanin 
(KLH) as a carrier protein using the EDC coupling 
method of Pierce (Rockford, IL). The peptide-carrier 
complex was emulsified in incomplete Freund's ad- 
juvant (Sigma, St. Louis, MO) containing 1 mg/ml 
muramyl dipeptide (MDP, Pierce) at a final concen- 
tration of 250 jig/ml. BALB/c mice were immunized 
subcutaneously with 100 ul of the emulsified peptide- 
carrier complex every 2 weeks. Following the third 
injection, blood was obtained from the mice and their 
sera were tested for antipeptide antibodies in a pep- 
ude-specinc radioimmunoassay (RIA). Spleens from 
donor mice demonstrating an antipeptide titer of 
1:1,000 or greater were used in a fusion protocol with 
X63 myeloma cells. 

Fusion Protocol and Initial Screening for 
Antipeptide Producing Hybridomas 

Three days prior to fusion, the donor mouse was 
immunized intraperitoneally with 50 p.g of peptide- 
carrier complex in saline. The spleen was aseptically 
removed, and a single cell suspension was prepared 
in RPMI-1640 medium without serum. The spleno- 
cytes were added to X63 myeloma cells at a ratio of 
10:1, and the fusion was performed by the method of 
Gaifrt and Milstein [7]. Following fusion, the spleno- 
cyte-myeloma mixture was resuspended in 80% 
RPMI-1640/20% Fetal Clone supplemented with ami- 
nopteruvto act as a selective medium for hybridoma 
growth and plated in 200-jii volumes into sterile 96- 
well microtiter plates. 

Ten to 14 days following fusion, 50 ul of cell cul- 
ture supernatant from the individual wells was re- 
moved and tested in an RIA for peptide-specific an- 
tibodies. Briefly, the supernatants were added to 



wells of a Pro-Bind plate (Falcon) coated with PSMA- 
peptide coupled to bovine serum albumin (BSA) by 
the EDC method referenced above and blocked with 
BSA. Following an overnight incubation at 4°C the 
plates were washed 4 times with PBS-0.1% BSA. Fifty 
111 of a 1:500 dilution of rabbit antimouse IgM and 
antimouse IgG was added to each well, and the plates 
were incubated for 1 hr at room temperature. Follow- 
ing four washes, 50 uJ of l25 I-Protein A (--10 5 cpm/ 
well) was added to each well and the plates incubated 
for an additional hour at room temperature. The 
plates were washed four times and exposed to X-ray 
film (Kodak, X-OMAT) overnight and developed. 
Positive wells showing antipeptide-spedfic antibod- 
ies were identified from the exposed Him and the cells 
from the positive wells were expanded in 90% RPMI- 
1640 A 0% Fetal done for further testing. 

Western Blot Analysis of Primary Hybridomas 
for anti-PSMA Antibody 

Supernatants from the expanded antipeptide-reac- 
tive primary hybridomas were tested in a Western 
blot assay for the presence of anti-PSMA antibodies. 
Western blot analysis was performed following the 
protocol of Pelletier and Boynton [8]. Briefly, lysates 
from LNCaP cells, a prostatic tumor cell line that ex- 
presses PSMA, were electrophoresed on an 8.5% gel 
by sodium dodecyl sulfate-polyacrylamide gel elec- 
trophoresis (SDS-PAGE), and the separated proteins 
were electroblotted onto a PVDF membrane for 1 hr 
at 90 V. The membranes were blocked overnight in 
5% milk-TBS. The blocked membrane was placed in a 
multiscreen apparatus (BioRad), and approximately 
650 u.1 of hybridoma supernatant was pipetted into 
individual lanes. Following a 90 minute incubation at 
room temperature the blot was removed from the ap- 
paratus, washed five times for 5 min in TBS-0.5% 
Tween-20 (TBS-T), and probed with 167 ng/ml of per- 
oxidase-labeled goat antimouse IgG secondary anti- 
body (KPL, Gaithersburg, MD) for 30 min at room 
temperature. The membrane was washed five times 
for 5 minutes with TBS-T, and the membrane was 
developed using the Chemiluminescent Substrate Kit 
(KPL). The blot was visualized by exposing X-ray 
film. Positive hybridomas (anti-PSMA reactivity) 
were identified and selected for further development. 

Cloning by Limiting Dilution, Testing Clones, and 
Purification of Monoclonal Antibody 

Primary hybridomas identified by their anti-PSMA 
reactivity were cloned by limiting dilution. Briefly, the 
cells were adjusted to a final concentration of 1 cell/ml 
of RPMI-1640-10% Fetal done containing 10 s synge- 
neic thymocytes as a feeder cell population. Two hun- 
dred m-1 of cell suspension was pipetted into wells of 



sterile 96-well microtiter plates and cultured for 7-10 
days, or until single colonies of cells were visible. 
Wells containing single colonies were picked, and the 
clones were expanded in 24-well plates. Supernatants 
from the clonal cultures were harvested and tested for 
anti-PS MA reactivity in the Western blot assay de- 
scribed above. Clones producing anti-PSMA mono- 
clonal antibody were expanded, and the cells were 
used for the generation of high titer ascites fluid. The 
monoclonal antibody 3F5.4G6, an IgM class anti- 
PSMA antibody, was purified from ascites fluid using 
the ImmunoPure IgM Purification Kit (Pierce, Rock- 
ford, IL). 

Immunoprecipitation of PSMA from LNCaP 
Tumor Cells Using 3F5.4G6 Monoclonal Antibody 

Approximately lOxlO 6 LNCaP tumor cells were 
incubated with 1 ml of NP-40 lysis buffer (150 mM 
Nad, 1% NP-40, 50 mM Tris, pH 8.0) for 30 min at 4°C. 
The lysate was centrifuged at 12,000 rpm for 5 min to 
remove cellular debris and the resultant supernatant 
was predeared by incubation with 50 ul of normal 
mouse serum (Sigma) for 30 min followed by the ad- 
dition of 60 ul of a 20% suspension of antimouse IgM- 
coupled agarose beads (Sigma). Following 1-hr incu- 
bation at 4°C, the supernatant was centrifuged at 
12,000 rpm to remove the beads, the resultant super- 
natant was used in an immunoprecipitation protocol 
with 3F5.4G6 monoclonal antibody. Ten ng of purified 
3F5.4G6 monoclonal antibody was added to the su- 
pernatant and incubated for 1 hr at 4°C. One hundred 
\il of a 10% suspension of antimouse IgM-coupled 
agarose beads was added, and the supernatant was 
incubated for an additional hour at 4°C. The samples 
were centrifuged at 12,000 rpm, and the agarose beads 
were washed three times with NP-40 lysis buffer. The 
agarose beads were resuspended in 30 ul of sample 
buffer (SDS reducing buffer) and heated for 10 min at 
95°C Following a brief centrifugation at 12,000 rpm, 
the sample was run on an 8.5% SDS-PAGE gel, and 
the separated proteins were electroblotted as de- 
scribed above. A Western blot assay as described 
above was performed on the samples using the 
PSMA-specific monoclonal antibody 7E11.C5 as the 
reporting antibody. 

In additional controlled studies, the 9H10 mono- 
clonal antibody was employed. This antibody reacts 
with an unknown protein on the surface of only LN- 
CaP cells as was initially described, in contrast to 
7E11.C5, which reacts to prostate epithelial cells [3]. 

RESULTS AND DISCUSSION 

PSMA is a membrane-bound glycoprotein that 
shows high tissue specificity for prostatic tissues. 




7E11.C5 3F5.4G6 

Fig. I. Western bloc assay of LNCaP lysate using 7EI I.C5 (Jane 
/ ) and 3F5.4G6 (tone 2) monoclonal antibodies and developed with 
HRP-antHgM secondary antibody. It should be noted that 3F5.4G6 
recognizes a protein of M r 1 20 kDa, which is simitar, if not identical, 
to the protein recognized by 7EI I.C5. 3F5.4G6 monoclonal anti- 
body also recognizes a protein of M,. 1 10 kDa corresponding to the 
protein PSM'. It should be noted that 7EI I.C5 does not recog- 
nixePSM' because the epitope of 7EI I.C5 monoclonal antibody is 
N-tenminal (amino acid V7) and is not found in PSM' because PSM' 
is a truncated version of PSMA and does not contain the initial 57 
amino acids of PSMA. Thus, 3F5.4G6 recognizes the C terminal 
portion of the protein (amino add 716-723) and specifically the 
extracellular domain of PSMA and PSM'. 

PSMA was originally defined and its tissue expres- 
sion characterized based upon the reactivity of the 
monoclonal antibody 7E11.C5 [3]. These results indi- 
cated high specificity for prostatic tissues and an in- 
creased expression of the 7E11.C5 antibody in the 
serum of prostatic cancer patients compared to nor- 
mal individuals [2,3]. Further studies have confirmed 
this observation [1,4]. Other studies suggest that 
PSMA expression in tumors is down-regulated by 
steroids such as 5a-dihydrotestosterone [9,10]. This 
behavior is consistent with the elevated expression of 
PSMA in hormone-refractory tumors. Thus, the re- 
sults indicate the antigen are almost entirely prostate 
specific in humans; furthermore, they may be a 
marker for aggressive clones of prostate cancer cells 
due to its increased expression in hormone-resistant 
tumors [1-4]. Figure 1 illustrates on Western blot the 
reactivity of 7E11.C5 with PSMA in LNCaP cells. It 
should be noted that monoclonal antibody 9H10 does 
not recognize a protein (i.e., PSMA) of M, 110-120 
kDa in LNCaP cells, but rather recognizes a protein of 
My 30 kDa of unknown identity. 

Using the 7E11.C5 antibody as a probe, Israeli et 
al. [9] cloned a cDNA from LNCaP cells that encodes 
a 750-amino acid membrane protein. The deduced 
amino acid sequence defines a type II transmembrane 
protein composed of a short cytoplasmic domain, a 
membrane-spanning domain, and ah extracellular 
domain, a portion of which has high sequence ho- 
mology to transferrin receptor [9]. Further work has 
shown that the protein epitope to which the 7E11.C5 
antibody binds is composed of the N-terminal amino 
acids of the protein located in the cytoplasmic domain 
[5,6]. That is, a "sixmer" composed of the first six 
amino acids from the N-terminal of PSMA was the 
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Fig. 2. Topographical representation of PSMA regions in relation to Hopp and Woods antigen 
prediction. A recent paper reported a rat brain partial cDNA done of NAALADase which possesses 
a high degree of identity to the 3* end of the PSMA cDNA. The putative NAALADase protein is 
highly homologous to a region of the extracellular domain of PSMA. 



smallest peptide element recognized by 7E11.C5. No 
binding to any other peptide element not containing 
this terminal sequence was reported [5,6]. 

A variant of PSMA resulting from alternative splic- 
ing has been deduced from reverse transcriptase 
polymerase chain reaction (RT-PCR) studies and 
RNase protection assays [9]. This variant, designated 
PSM', is missing the first 57 amino acids of PSMA 
and was reported to predominate over PSMA in nor- 
mal prostatic tissues while the reverse relationship 
was true in the case of prostatic carcinomas [10]. 
Thus, the PSM' protein is not recognized by the 
7E11.C5 antibody (Fig. 1), and data supporting the 
physiological expression of PSM' to date rely solely 
on studies of the nature of mRNA species expressed 
in prostatic cells and tissues. 

We have been interested in expression of PSMA as 
a possible marker for disease progression, particularly 
in later stages of the disease. Efforts have so far fo- 
cused on development of serodiagnostic assays rely- 
ing on the 7E11.C5 antibody for detection in a quan- 
titative Western blot assay with serum. We now 
report, herein, the preparation of a monoclonal anti- 
body designated 3F5.4G6 that is specific for an 
8-amino acid region located near the C-terminal por- 
tion of the molecule (aa 716-723). An analysis of an- 
tigenic determinants based upon the Hopp and 
Woods algorithm demonstrated the antigenic poten- 
tial of this protein region [11] (Fig. 2). Its presence in 



the extracellular domain near the C-terminal of the 
protein makes this determinant ideal for application to 
a sandwich-type immunoassay or to detect the pres- 
ence of PSM' in the serum. 

The results presented indicate that the 3F5.4G6 
monoclonal antibody reacts specifically with the same 
protein species as 7E11.C5 in Western blots with LN- 
CaP cell crude lysates (Fig. 3). Immune precipitation 
with either 7E11.C5 or 3F5.4G6 yields an isolated pro- 
tein species, which in both cases is reactive with the 
reciprocal antibody in Western blot analyses (Fig. 3). 
Thus, it can be concluded that the 3F5.4G6 antibody 
recognizes the same PSMA protein as does 7E11.C5, 
but at different epitopes on essentially opposite ends 
of the molecule. The 3F5.4G6 antibody is thus well 
suited for use in a sandwich immunoassay as either a 
capture or detection antibody paired with the 
7E11.C5 antibody. Current work is focused on this 
strategy. 

The 3F5.4G6 antibody, in addition to its binding to 
the PSMA protein, cross-reacted with a protein spe- 
cies which correlates in size with the PSM' variant 
present in Western blots of LNCaP cell lysates (Fig. 3) 
by virtue of its specificity for a common epitope in the 
extracellular domain of both protein forms [10]. This, 
for the first time, provides direct evidence of the ex- 
pression of PSM' at the protein level and provides a 
possible means for differential quantitation of each 
protein form in serum. 3F5.4G6 antibody also recog- 
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Fig. 3. A: Demonstration that the 7EI 1.C5 and 3FS.4G6 mono- 
dotal antibodies recognize identical proteins and that 3F5.4G6 
recognizes an additional protein corresponding to P5M\ LNCaP 
lysate was initially immunoprecipitated with 7EI I.CS monoclonal 
antibody and the immunoprecipitated materia) separated on SOS 
gels and probed in a Western blot assay with either 7EM.C5 (fanes 
1-4) or with 3F5.4G6 (fanes S-8) monodonal antibodies. Lanes I, 
S, crude LNCaP lysate (0.0S jig protein/well); fanes 2, 6, pre- 
deared LNCaP lysate (0.05 jig protein/well); (ones 3, 7, material 
that irnmunopredptated with 7EM.CS monodonal antibody; lanes 
4, 8, proteins left in the previously immunoprecipitated LNCaP 
lysate. It should be noted that 7EI I.C5 immunoprecipiated a pro- 
tein of M r 1 20 kDa that was recognized not only by 7EI I.CS (lane 
3). but also by 3F5.4G6 (lane 7). It should also be noted that 
present in the supernatant after 7EH.C5 immunopredpitation was 

nized PS MA in the serum of prostate cancer patients 
(stage D2; Fig. 4), illustrating its utility in detection of 
PSMA in the serum of prostate cancer patients. 

Studies of the expression of PSMA in the serum of 
both normal individuals and prostatic cancer patients 
has provided conflicting results at two laboratories 
[1-6]. Troyer et al. [5,6] reported evidence suggesting 
that the binding of 7E11.C5 to Western blots of serum 
specimens was nonspecific in that the peptide con- 
taining the antibody epitope (Nl-19) was ineffective in 
inhibiting antibody binding to a protein species mi- 
grating in the same region as PSMA. These studies 
used differing conditions than was previously re- 
ported by this laboratory wherein serum expression 
was demonstrated [1-4]. The results presented in Fig- 
ure 5 using the procedures we originally described 
indicate that 7E11.C5 binding to Western blots of both 
LNCaP cell lysates and human serum is specific and 
not due to nonspecific binding of secondary antibody. 
No labeling of any protein band corresponding to 
PSMA was detected in the absence of the 7E11.C5 
antibody, even after extended exposure of the blot to 
X-ray film. This evidence strongly supports the pres- 
ence of PSMA in human serum and is consistent with 
our earlier results demonstrating elevations in serum 
PSMA in prostatic cancer patients in clinical progres- 
sion. In our results, we have also failed to demonstrate 
PSMA protein in normal human brain tissue, in con- 
trast to a report by Troyer and colleagues, which has 
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a protein recognized by 3F5.4G6 (lane fl), but not by 7E 1 1 .CS (Awe 
4), and that corresponds to PSM'. Thus, 7EI I.CS does not recog- 
nize PSM' (Le^ the epitope of 7E I I.CS is amino acids 1-7 of PSMA 
while the epitope of 3F5.4G6 s amino acid 716-723) and there- 
fore PSM' should remain in the lysate of a 7EI I.CS immunopre- 
cipitated LNCaP lysate and subsequently recognized by 3F5.4G6. 
B: Demonstration that monodonal antibody 7EI I.CS and mono- 
donal antibody 3F5.4G6 recognize identical proteins. PSMA from 
an LNCaP lysate was immunoprecipitated by monoclonal antibody 
3F5.4G6, the proteins in the immunopredpitate separated on a 
SDS gel the proteins transferred to Immobilon P and probed in a 
Western blot with monodonal antibody 7EI I.CS. Lane I, LNCaP 
lysate control; tone 2. 3F5.4G6 immunopredpitation of 15 u,g LN- 
CaP lysate and Western blot with 7EI I.CS monodonal antibody. 




PSMA 



7E11C5 3F5 4G6 

Fig. 4. Demonstration by Western blot of PSMA in serum of 
prostate cancer patients (stage D2) using monodonal antibody 
7EII.C5 (fanes /, 2) and demonstration of the recognition of 
PSMA in the same prostate cancer patient by monodonal 
antibody3F5.4G6 (lanes 3, 4). QM^g serum protein was loaded in 
each well and protein separated on SDS gels as described in Ma- 
terials and Methods. 

the same methodological limitations noted in Figure 5 
[5,6]. In addition, studies using the 9H10 monoclonal 
antibody have failed to show that it interacts with 
3F5.4G6 or 7E11.C5 antigen [3]. 

Moreover, 3F5.4G6 reactivity was not detected in 
DU-145 or PC3 cell lines— only in LNCaP, as is the 
case with 7E11.C5 [3]. There is, however, a most re- 
cent report demonstrating a clear nucleotide sequence 
identity for a region of the extra-cellular portion of 
PSMA (i.e., in the PSM' distal region) which possesses 
properties of NAALADase membrane hydrolase (fig- 
ure 2). 12 We are conducting further work to clarify the 
molecular characteristics of the NAALADase region to 
3F5.4G6 and 7E11.C5. Nevertheless, the availability of 
the 3F5.4G6 antibody for application in a sandwich 
immunoassay will simplify the detection of serum 
PSMA and provide a potentially useful clinical tool for 
monitoring prostatic cancer patients. 
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Fig. S. Demonstration that recognition of a protein in LNCaP 
lysate (lanes /, 5) and in the serum of cancer patients (lanes 2, 6) 
by 7EI I.CS is specific to the primary antibody 7EI I.C5 and not 
due to nonspecific recognition by secondary antibody used to re- 
port primary antibody binding to proteins. LNCaP lysate (0.05 u.g 
protein/well; tones tJJSJ) or prostate cancer patient serum (0,44 
M-g protein/well; tones 2,4,6,8) was separated on SDS gels as pre- 
viously described and transferred to Immobilon P paper and pro- 
cessed for Western blot as follows, lanes 1, 2 J, 6 were probed with 
7EI I.CS monoclonal antibody and then with secondary antibody 
(Le., goat antimouse IgG) or with secondary antibody only (tones 



45 mtn exposure 

7E11C5 2 Ab 

and 2 Ab only 




5 6 7 8 

3.4,7.8). The film was exposed for either the routine I min (tones 
1-4) or overexposed for a period of 45 min (tones S-8). These 
results demonstrate that the recognition of bands by 7EI I.CS is 
specific for the primary antibody, and not due to nonspecific bind- 
ing of secondary or reporting antibody. It should be noted that the 
same secondary antibody is used with rnonodonal 3F5.4G6 as with 
7EI I.CS, and therefore the 3F5.4G6 rnonodonal antibody is spe- 
cific for PSMA and PSM' as illustrated in Figure 4. 6. 7 and is not 
due to nonspecific binding of the secondary antibody to proteins in 
the lysate. 
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Serum contains many different types of antibodies that are specific for 
many different antigens. Even in hyperimmune animals, seldom are 
more than one-tenth of the circulating antibodies specific for one 
antigen. The use of these mixed populations of antibodies creates a 
variety of different problems in immunochemical techniques. There- 
fore, the preparation of homogeneous antibodies with a defined 
specificity was a long-standing goal of immunochemical research. This 
goal was achieved with the development of the technology for hybrid- 
oma production. 

The first isolation of a homogeneous population of antibodies came 
from studies of B-cell tumors. Clonal populations of these cells can be 
propagated as tumors in animals or grown in tissue culture. Because 
all of the antibodies secreted by a B-cell clone are identical, these 
tumor cells provide a source of homogeneous antibodies. Unfortunate- 
ly, B-cell tumors secreting antibodies of a predefined specificity cannot 
be isolated conveniently. 

In the animal, antibodies are synthesized primarily by plasma cells, 
a type of terminally differentiated B lymphocyte. Because plasma 
cells cannot be grown in tissue culture, they cannot be used as an in 
vitro source of antibodies. Kohler and Milstein (1975) developed a 
technique that allows the growth of clonal populations of cells secret- 
ing antibodies with a defined specificity. In this technique an antibody- 
secreting cell, isolated from an immunized animal, is fused with a 
myeloma cell, a type of B-cell tumor. These hybrid cells or hybridomas 
can be maintained in vitro and will continue to secrete antibodies with 
a defined specificity. Antibodies that are produced by hybridomas are 
known as monoclonal antibodies. 



Monoclonal antibodies are powerful 
immunochemical tools 

The usefulness of monoclonal antibodies stems from three characteris- 
tics-their specificity of binding, their homogeneity, and their ability to 
be produced in unlimited quantities. The production of monoclonal 
antibodies allows the isolation of reagents with a unique, chosen 
specificity. Because all of the antibodies produced by descendants of 
one hybridoma cell are identical, monoclonal antibodies are powerful 
reagents for testing for the presence of a desired epitope. Hybridoma 
cell lines also provide an unlimited supply of antibodies. Even the most 
farsighted researchers have found that large supplies of valuable 
antisera eventually run out. Hybridomas overcome these difficulties. 
In addition, one unique advantage of hybridoma production is that 
impure antigens can be used to produce specific antibodies. Because 
hybridomas are single-cell cloned prior to use, monospecific antibodies 
can be produced after immunizations with complex mixtures of an- 
tigens. 

Hybridomas secreting monoclonal antibodies specific for a wide 
range of epitopes have been prepared. Any substance that can elicit a 
humoral response can be used to prepare monoclonal antibodies. Their 
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specificities range from proteins to carbohydrates to nucleic acids. 
However, monoclonal antibodies are often more time-consuming and 
costly to prepare than polyclonal antibodies, and they are not neces- 
sarily the best choice for certain immunochemical techniques. In 
theory, either as single antibody preparations or as pools, monoclonal 
antibodies can be used for all of the tasks that require or benefit from 
the use of polyclonal antibodies. In practice, however, producing 
exactly the right set of monoclonal antibodies is often a difficult and 
laborious job. Researchers should be certain that they need these 
types of reagents before they begin constructing hybridoma cell lines. 
Table 6.1 summarizes some of the uses of antibodies and some general 
suggestions for choosing the best reagents. 



Hybridomas are immortal somatic cell hybrids that 
secrete antibodies 

In the early 1970s, a number of research groups worked on different 
methods to extend the life span of antibody-secreting cells in vitro. For 
murine cells, the practical aspects of this goal were solved by applying 
techniques used in somatic cell genetics. By fusing two cells, each 
having properties necessary for a successful hybrid cell line, Kohler 
and Milstein (1975) showed that antibody-secreting cell lines could be 
established routinely and maintained in vitro. The two cells that are 
commonly used as partners in these fusions are antibody-secreting 
cells isolated from immunized animals and myeloma cells. The 
myeloma cells provide the correct genes for continued cell division in 
tissue culture, and the antibody-secreting cells provide the functional 
immunoglobulin genes. 

Early work solved the three technical problems for achieving a 
successful fusion: (1) finding appropriate fusion partners, (2) defining 
conditions for efficient fusion, and (3) choosing an appropriate system 
to select for hybrid cells against the background of unfused cells. 



TABLE 6.1 

Immunochemical Techniques, Polyclonal versus Monoclonal Antibodies 



Technique 


Polyclonal 
antibodies 


Monoclonal 
antibodies 


Pooled monoclonal 
antibodies 


Cell Staining 


Usually good 


Antibody dependent 


Excellent 


Immunoprecipitation 


Usually good 


Antibody dependent 


Excellent 


Immunoblots 


Usually good 


Antibody dependent 


Excellent 


Immunoaffinity 








Purification 


Poor 


Antibody dependent 


Poor 


Immunoassays 








Labeled Antibody 


Difficult 


Good 


Excellent 


Labeled Antigen 


Usually good 


Antibody dependent 


Excellent 
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Myelomas from BALB/o mice are good cells for 
fusion 

Myelomas can be induced in a few strains of mice by injecting mineral 
oil into the peritoneum. Many of the first examples of these myelomas 
were isolated from BALB/c mice by Potter (1972), and these cells are 
referred to by the abbreviation MOPC (for mineral oil plasmacytoma). 
Derivatives of BALB/c myelomas have become the most commonly 
used partners for fusions. Table 6.2 lists some of the myeloma cell 
lines used for hybridoma construction. Myelomas have all the cellular 
machinery necessary for the secretion of antibodies, and many secrete 
these proteins. To avoid the production of hybridomas that secrete 
more than one type of antibody, myelomas that are used for fusions 
have been selected for the lack of production of functional antibodies. 
Figure 6.1 shows the derivation of many of the commonly used 
myeloma cell lines. 

The other cell for the fusion is isolated from immunized animals. 
These cells must carry the rearranged immunoglobulin genes that 
specify the desired antibody. Because of the difficulties in purifying 
cells that can serve as appropriate partners, fusions are normally 
performed with a mixed population of cells isolated from a lymphoid 
organ of the immunized animal. Although a number of studies have 
helped to characterize the nature of this B-cell-derived partner, the 
exact state of differentiation of this cell is still unclear. 

Hybridomas can be prepared by fusing myelomas and antibody- 
secreting cells isolated from different species, but the number of 
viable hybridomas increases dramatically when closely related species 
are used. Therefore, fusions are normally done with cells from the 
same species. All commonly used mouse strains can serve as success- 
ful fusion partners with BALB/c myelomas; however, immunizations 
are normally done in BALB/c mice, as this allows the resulting hybrid- 
omas to be grown as tumors in this mouse strain. 



Polyethylene glycol is the most commonly used 
agent to fuse mammalian cells 

In theory, the fusion between the myeloma cell and the antibody- 
secreting cell can be effected by any fusogen. In practice, hybridoma 
fusions became routine after the introduction of the use of poly- 
ethylene glycol (PEG). The use of PEG as a fusing agent for mam- 
malian cells was first demonstrated by Pontecorvo (1975), and was 
quickly adopted by somatic cell geneticists. PEG is the method of 
choice for hybridoma production, allowing the rapid and manageable 
fusion of mammalian cells. 

PEG fuses the plasma membranes of adjacent myeloma and/or 
antibody-secreting cells, forming a single cell with two or more nuclei. 
This heterokaryon retains these nuclei until the nuclear membranes 
dissolve prior to mitosis. During mitosis and further rounds of divi- 
sion, the individual chromosomes are segregated into daughter cells. 
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Because of the abnormal number of chromosomes, segregation does 
not always deliver identical sets of chromosomes to daughter cells, 
and chromosomes may be lost. If one of the chromosomes that carries 
a functional, rearranged immunoglobulin heavy- or light-chain gene is 
lost, production of the antibody will stop. In a culture of hybridoma 
cells, this will be seen phenotypically as a decrease in antibody titer 
and will result in unstable lines. If the chromosome that is lost 
contains a gene used in drug selection (see below), then the growth of 
the hybridoma will be unstable, and cells will continue to die during 
selection. In practice, the selection for the stable segregation of the 
drug selection marker is so strong that within a short time the 
hybridoma is either lost completely or a variant is isolated that stably 
retains the selectable marker. 




BALB/c MOUSE 



J Mineral Oil Injection) 



MOPC 21 (Carried as Tumor) 
| Established As Cell Line 2 




P3-X63Ag8 NSI/1-Ag4-1 




X63-Ag8.653 Sp2/0-Agl4 FOX-NY NSO/1 



| Fuse with Seir 
FO 

FIGURE 6.1 

Myeloma family tree, hotter (1972); 2 Horibata and Harris (1970); 3 Kohler 
and Milstein (1975); "Kearney et al. (1979); 5 Kohler and Milstein (1975); 
6 Shulman et al. (1978); 7 de St. Groth and Scheidegger (1980); 8 Kohler et al. 
(1976); 'Taggart and Samloff (1982); 10 Galfre and Milstein (1981). 
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Unfused myeloma cells are eliminated by drug 
selection 

Even in the most efficient hybridoma fusions, only about 1% of the 
starting cells are fused, and only about 1 in 10 s form viable hybrids. 
This leaves a large number of unfused cells still in the culture. The 
cells from the immunized animal do not continue to grow in tissue 
culture, and so do not confuse further work. However, the myeloma 
cells are well adapted to tissue culture and must be killed. Most 
hybridoma constructions achieve this by drug selection. Commonly, 
the myeloma partner has a mutation in one of the enzymes of the 
salvage pathway of purine nucleotide biosynthesis (first reported by 
Littlefield 1964). For example, selection with 8-azaguanine often yields 
a cell line harboring a mutated hypoxanthine-guanine phosphoribosyl 
transferase gene (HPRT). The addition of any compound that blocks 
the de novo nucleotide synthesis pathway will force cells to use the 
salvage pathway. Cells containing a nonfunctional HPRT protein will 
die in these conditions. Hybrids between myelomas with a nonfunc- 
tional HPRT and cells with a functional HPRT will be able to grow. 
Selections are commonly done with aminopterin, methotrexate, or 
azaserine (Fig. 6.2). 



NORMAL CELL HPRT- CELL 




Viable Viable 



NORMAL CELL HPRT - CELL 




Viable Nonviable 

FIGURE 6.2A 

Pathways of nucleotide synthesis. 
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FIGURE 6.2B 

Drug selection for viable hybridomas. 
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B PRODUCTION OF MONOCLONAL ANTIBODIES x$^*^&mm^2BmmB&asm 

Although hybridomas can be prepared from animals other than mice, 
all of the techniques below use mice as examples. Similar techniques 
can be used for fusions of rat myelomas and rat antibody-secreting 
cells. More specialized fusions using interspecies crosses or human 
cells are discussed briefly on p. 240 and 241, respectively. 

B Stages of Hybridoma Production 

Figure 6.3 outlines the steps in the production of monoclonal antibod- 
ies. Animals are injected with an antigen preparation, and once a good 
humoral response has appeared in the immunized animal, an appropri- 
ate screening procedure is developed. The sera from test bleeds are 
used to develop and validate the screening procedure. After an appro- 
priate screen has been established, the actual production of the hybrid- 
omas can begin. Several days prior to the fusion, animals are boosted 
with a sample of the antigen. For the fusion, antibody-secreting cells 
are prepared from the immunized animal, mixed with the myeloma 
cells, and fused. After the fusion, cells are diluted in selective medium 
and plated in multiwell tissue culture dishes. Hybridomas are ready to 
test beginning about 1 week after the fusion. Cells from positive wells 
are grown and then single-cell cloned. Hybridoma production seldom 
takes less than 2 months from start to finish, and it can take well over a 
year. It is convenient to divide the production of monoclonal antibodies 
into three stages: (1) immunizing mice, (2) developing the screening 
procedure, and (3) producing hybridomas. Any one of these stages 
may proceed very quickly, but all have inherent problems that should 
be considered prior to the start of the project, and these areas are 
discussed separately below. 
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IMMUNIZATION 



SCREEN 
DEVELOPMENT 



HYBRIDOMA 
PRODUCTION ' 




FIGURE 6.3 

Stages of hybridoma production. 
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■ IMMUNIZING MICE MHHIH^^MH^^^^hhhmmmh^HH 

Figure 6.4 shows a typical antibody response to multiple injections 
with a good immunogen. Also included in this figure is a description of 
the characteristics of a typical monoclonal antibody that might be 
isolated following one of the immunizations. Although this simplified 
view can only serve as a rough guide, it does give an indication of the 
potential time frame for the production of antibodies with particular 
properties. 

Chapters 4 and 5 discuss in detail both the theoretical and practical 
aspects of immunizing laboratory animals. 



tgM |gG 

Multivalent, Bivalent, 

Low affinity, Low to 

Non-protein A medium affinity, 

binding Protein A binding 



IgG 

Bivalent, 
Medium to 
high affinity, 
Protein A binding 



IgG 

Bivalent, 
High affinity, 
Protein A binding 




Primary Secondary Tertiary 

injection Injection Injection 

FIGURE 6.4 

Kinetics of a typical immune response. 



Multiple 
boosts 
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■ Dose and Form of the Antigen 

The amount of antigen necessary to induce a good immune response 
will depend on the individual antigen and host animal (see Chapter 5). 
Suggested doses for mice are summarized in Table 6.3. 

Soluble Proteins 

Soluble protein antigens can yield strong responses and good mono- 
clonal antibodies with doses of as low as 1 ^g/injection. More common- 
ly, injections are adjusted to deliver 10-20 fig. If the antigen is 
available in large quantities, 50 fig should be used. Except for special 
cases it is seldom worthwhile to use more than 200 fig of a protein 
antigen per injection. Even if the antigen is not pure, the total dose 
should not normally exceed 500 fig. When highly conserved proteins 
are being used to raise antibodies, it is often necessary to modify these 
antigens prior to injection. This can be done by covalently adding 
small immunogenic haptens to proteins. Modifying proteins by binding 
them to large immunogenic proteins such as the hemocyanins has also 
been shown to be an effective way of breaking T cell tolerance. These 
methods are discussed in detail in Chapter 5. 
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Particulate Proteins 

In general, particulate antigens make excellent immunogens, because 
they are readily phagocytosed (see Chapter 4). Soluble proteins may be 
converted to particulate antigens by self-polymerization or by binding 
them to solid substrates such as agarose beads (p. 528). Large insolu- 
ble antigens should not be injected intravenously (iv) due the possible 
development of embolisms. 

Proteins Produced by Overexpression 

Recent advances in recombinant DNA technology have made the 
production of many protein antigens simple. Overexpression of fusion 
proteins or full-length polypeptide chains using both prokaryotic and 
eukaryotic vectors has become routine. These proteins are often excel- 
lent antigens and can be produced in large quantities. They normally 
present few problems for the production of monoclonal antibodies. 
These proteins can be purified and injected as soluble or insoluble 
antigens (p. 88). 

Synthetic Peptides 

A second source of immunogens, based on the availability of a coding 
sequence, is the in vitro synthesis of peptides. Synthetic peptides, 
when coupled to carrier proteins such as bovine serum albumin or 
keyhole limpet hemocyanin, normally elicit a strong humoral response. 
Constructing these carrier complexes and the production of anti- 
peptide sera are described in Chapter 5 (p. 73). Using peptide-carrier 
protein complexes for the production of monoclonal antibodies normal- 
ly is done only for specific reasons. Because these peptides are rela- 
tively short, many of the advantages of monoclonal antibody specifici- 
ty are lost. Monoclonal antibodies do provide two advantages over 
polyclonal anti-peptide sera. The first is that the source of the antibod- 
ies will be unlimited, and the second is that monoclonal antibodies may 
be more useful in immunoaffinity purifications. Like all immunizations 
using peptide antigens, the major difficulty will be in preparing anti- 
bodies that will bind to the native protein. 

Live Cells 

A number of studies have used live cells as immunogens for generat- 
ing antibodies to surface antigens. Except in unusual circumstances, 
injections of cells should not include live bacteria or yeast. Although 
mice are normally capable of killing and clearing bacteria and yeast 
infections, the possibility of infecting an entire mouse colony is too 
great to risk these types of injections. 

Although large numbers of hybridomas have been prepared to sur- 
face antigens of mammalian cells, these antibodies may be of low 
affinity and care should be taken to ensure that the immune response 
includes antibodies that will be useful in later studies. When raising 
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antibodies to live tumorigenic cells, it is easy to pass the cells as 
tumors and thereby eliminate any activity against tissue culture rea- 
gents, including proteins in bovine serum. 

Nucleic Acids 

Nucleic acids normally are not good antigens, and antibodies to them 
usually are raised against small haptens bound to carrier proteins. 
Because nucleic acids are weak antigens, it is particularly important to 
test sera for antibodies that will work in all assays for which the 
monoclonal antibodies are being raised. 

Carbohydrates 

Simple carbohydrates usually are weak immunogens. These com- 
pounds should be coupled to carrier proteins. Large complex carbohy- 
drates ( > 50,000) will induce a moderate response, but often without a 
secondary response. High doses readily induce tolerance, so the inject- 
ed amount should be controlled carefully. These immunogens are best 
injected as a portion of a larger particle, such as a bacterial cell wall 



TABLE 6.4 

Routes of Injection 



Route 



Uses 



Abbreviation 



Primary injections 
and boosts 



Intraperitoneal ip 



Good 



Final 
boost 



Maximum 
volume 



Fair 0.5 ml 



Subcutaneous 



Good 



Poor 0.2 ml 



Intravenous 



IV 



Poor 



Good 0.2 ml 



Intramuscular 



Intradermal 



im 



id 



Not recommended 
for mice 

Not recommended 
for mice 



Lymph node 



Special uses 



0.1ml 
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or equivalent. Coupling these larger carbohydrates to carrier proteins 
can be beneficial. For glycoproteins, the polypeptide backbone can 
function as an effective carrier. 



■ Route of Inoculation 

Table 6.4 gives a summary of the potential routes of introducing an 
antigen into mice. Most injections for hybridoma production are done 
in female mice, because they are somewhat easier to handle than male 
mice. 



Prior to beginning an immunization, contact your local safety and 
animal committees for advice on animal care and handling, local 
regulations, and proper procedures for immunization. 



Adjuvant 


Immunogen 
requirement 


Comments 


Route 


+ /- 


Soluble/or 
insoluble 


If used for final 
boost, wait 5 days 
before fusion 


Intraperitoneal 


+ /- 


Soluble/or 
insoluble 


Local response, 
Serum levels 
slower to increase 


Subcutaneous 


No Freund's 


Soluble, 

Ionic detergent <0,2% 
Nonionic detergent <0.5% 
Salt<0.3M 
Urea <1 m 


Poor for 
immunizing 


Intravenous 

Intramuscular 
Intradermal 


No Freund's 


Soluble/or 
insoluble 


Good applications 
for experienced 
workers 


Lymph node 
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COMMENTS E Immunizations 



There are several points that are important in designing an immunization regime 
that will produce the appropriate monoclonal antibodies. 

• Choose the appropriate animal or strain for the desired antibody. Important points 
to consider are (1) tolerance, (2) amount of antigen available, and (3) specific 
properties (including ease of purification) of the resultant antibodies. (See Chap- 
ters 4 and 5 for details.) 

If no preference in the choice of animal is dictated, then start the immunizations 
in female BALB/c mice (6 weeks old). In general, mice are cheaper to maintain, 
are easier to handle, and will respond to lower antigen levels than other laboratory 
animals. In addition, BALB/c x BALB/c hybridomas can be grown as ascites in 
BALB/c mice (see p. 274). This can be valuable both in the production of large 
quantities of monoclonal antibodies and in the eradication of contaminating mi- 
croorganisms from cultures of hybridoma cells grown in vitro. 
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• Individual animals, even from the same genetic background, will often respond to I 
identical antigen preparations in completely different ways. Therefore, immuniz- 
ing more than one animal is a major advantage. In addition, laboratory animals 
occasionally die, so starting immunizations with several animals may save valu- 
able time. 

• Hyperimmunization (multiple immunizations with the same antigen) will yield 
antibodies with higher affinity for the antigen, especially when the immunizations 
are widely spaced over a period of weeks to months (see Chapter 5). However, 
multiple immunizations will not continue to increase the number of epitopes that 
are recognized. 

• Except in unusual circumstances, do not start the fusion until the serum from the 
test bleed contains antibodies with the desired specificity. This may mean exten- 
sive testing of the serum in a number of assays, but do not expect to recover 
antibody activities from the fusion that are not found in the test serum. 

• If the animal responds weakly or not at all, consult Chapter 5 for suggestions. 
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CHAPTER 6 



INTRAPERITONEAL INJECTIONS— WITH ADJUVANT 

Intraperitoneal injections (ip) are the most commonly used method for 
introducing antigens into mice. Because of the large volume of the 
peritoneal cavity, the volume of the immunogen can be larger for ip 
injections than for other sites. Also because the injections do not 
deliver the antigen directly into the blood system, particulate antigens 
can be used. 



Caution Freund's adjuvants are potentially harmful. Be careful 
during preparation and injection. 



1. The antigen should be dispersed in approximately 250 fil of buffer. 
Draw the solution into a 1.0-ml syringe. Draw an equal volume of 
Freund's adjuvant into a second syringe. For a primary immuniza- 
tion the adjuvant should be complete Freund's (see p. 98). Complete 
Freund's should be vortexed before use to resuspend the killed 
Mycobacterium tuberculosis bacteria. All other injections should be 
in incomplete Freund's. 

2. Aqueous antigen solutions and oil-based adjuvants are immiscible, 
but when mixed will form an emulsion. This is most easily done by 
pushing the mixture between the two 1-ml syringes via a two- or 
three-way valve as shown in Figure 6.5. Remove all air from both 




FIGURE 6.5 



Preparing Freund's adjuvant for injection. 
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syringes before connecting to the valve. Make sure the connections 
are tightened securely. Depress the plunger on the syringe contain- 
ing the aqueous antigen solution first. Push the mixture between the 
two syringes until it becomes difficult to continue (approximately 
10-20 times). Then push the emulsion into one syringe. Remove the 
valve and the other syringe, and place a 23- or 25- gauge needle on 
the syringe. Displace any air that may be held in the barrel or in the 
needle by carefully depressing the plunger until the emulsion 
reaches the needle. 

3. Hold the mouse as shown in Figure 6.6. Inject the antigen-adjuvant 
emulsion into the peritoneal cavity. 

NOTES 

i. If the volume of the antigen solution is small (100 ^1 or less), the emulsion 
between the Freund's and aqueous solutions may be prepared by vortex- 
ing or sonicating in a 1.5-ml conical tube. 

ii. Plastic syringes may be difficult to use when preparing the emulsion; 
therefore, most workers use glass syringes (glass disposable syringes 
with luer locks are best). 

iii. Freund's adjuvants can be replaced by other adjuvants (see p. 96). 




FIGURE 6.6 

Intraperitoneal injection of a mouse. 
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INTRAPERITONEAL INJECTIONS— WITHOUT ADJUVANTS 



Intraperitoneal injections can also be used to deliver live cells into the 
peritoneal cavity. These immunizations normally are used to introduce 
live mammalian cells into mice and prepare anti-cell-surface antibod- 
ies. In general, adjuvants should not be used. 

1. Cells should be washed extensively in PBS or other isotonic solu- 
tions prior to injection to remove as many extraneous proteins as 
possible. For example, many of the components of bovine serum are 
highly immunogenic, and if they are injected with the cells, can be 
antigenically dominant. Even washed cells will have a large number 
of extraneous proteins bound to the plasma membrane. If this 
remains a problem, it may be necessary to transfer the cells to low 
serum, serum-free medium, or mouse serum prior to the injection. 

2. The cells should be taken up in 500 ^1 of PBS and injected using a 
25-gauge needle. Hold the mouse as shown in Figure 6.6. 

3. Inject the cells into the peritoneum. 
NOTES 

i. Normal doses of mammalian cells will be between 10 s and 10 7 cells/ 
injection. 

ii. Because of potential infections of the mouse colony, injections of live 
viruses, bacteria, or fungi normally are not recommended. These antigens 
are commonly killed or inactivated prior to injection. 
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INTRAPERITONEAL INJECTION— ANTIGEN BOUND TO BEADS 

One excellent method to increase the chances of an antigen being 
phagocytosed is to bind it to beads. Protein antigens can be bound by 
free amino groups to any of a number of agarose or polyacrylamide 
beads. The methods for coupling are discussed on p. 528. After cou- 
pling the beads are injected ip with adjuvant as described on p. 158. 
These preparations should never be injected iv because the chance of 
forming embolisms is too great. 
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INTRAPERITONEAL INJECTION— NITROCELLULOSE 



Protein antigens can be bound to nitrocellulose and injected or im- 
planted into the peritoneum. Two approaches can be used. If the entire 
piece of nitrocellulose will be implanted, the subcutaneous route is 
suggested (see p. 166). For intrapertioneal injections, the nitrocellu- 
lose should either be fragmented or dissolved. 



Caution Freund's adjuvants are potentially harmful. Be careful 
during preparation and injection. 



1. Incubate a solution of the antigen (no more than 1.0 mg/ml in PBS) 
with a sheet of nitrocellulose (0.1 ml/cm 2 ) at room temperature for 
1 hr in a humid atmosphere. For some more abundant antigens or 
partially purified antigens, the proteins can be transferred directly 
from an SDS-polyacrylamide gel using standard blotting techniques 
(see p. 479). 

2. Wash the sheet three times with PBS. 

3. Either: Drain the paper well and freeze at -70°C for 10 min (liquid 
nitrogen also works well). Transfer to a clean, cold mortar and 
pestle and quickly grind the paper into small pieces. Remove the 
plunger from a 1.0-ml syringe, and transfer the pieces into the 
barrel. Use 250 ^1 of PBS to help in the transfer. 

Or: Allow the nitrocellulose to dry completely. Remove the plunger 
from a 1.0-ml syringe. Push the nitrocellulose (use pure nitrocellu- 
lose without acetate) to the bottom of barrel. Reinsert the plunger 
and depress completely. Draw up 125 pi of dimethylsulfoxide into 
the syringe. Alllow to sit at room temperature for 30 min. Draw up 
125 pi of PBS. 

Or: Allow the nitrocellulose to dry completely. Remove the plunger 
from a 1.0-ml syringe. Push the nitrocellulose (use pure nitrocellu- 
lose without acetate) to the bottom of the barrel. Push the luer lock 
of the syringe into a three-way valve with the valve opening to the 
syringe closed. Add 250 fi\ of acetone to the syringe. Tap the 
syringe several times to mix the acetone with the nitrocellulose. 
Leave the syringe open and allow to dry (several hours). Remove 
the three-way valve and replace the plunger. Push the plunger to 
the end and draw 250 fx\ of PBS into the syringe. 

4. Draw 250 /ni of Freund's adjuvant into a second syringe. For a 
primary immunization the adjuvant should be complete Freund's. 
(Complete Freund's should be vortexed before use to resuspend the 
killed Mycobacterium tuberculosis bacteria.) All other injections 
should be in incomplete Freund's. 
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5. The nitrocellulose mixture and the oil-based adjuvant are immis- 
cible, but when mixed will form an emulsion. This is most easily done 
by pushing the mixture between the two 1-ml syringes via a two- or 
three-way valve as shown in Figure 6.5. Remove all air from both 
syringes before connecting to the valve. Make sure the connections 
are tightened securely. Depress the plunger on the syringe contain- 
ing the PBS solution first. Continue to push the mixture between the 
two syringes until it becomes difficult (approximately 10-20 times). 
Push the emulsion into one syringe. Remove the valve and the other 
syringe, and place a 23- to 25-gauge needle on the syringe. Displace 
any air that may be held in the barrel or in the needle by carefully 
depressing the plunger until the emulsion reaches the needle. 

6. Hold the mouse as shown in Figure 6.6. Inject the antigen-adjuvant 
emulsion into the peritoneal cavity. 

NOTES 

i. Plastic syringes may be difficult to use when preparing the emulsion; 
therefore, most workers use glass syringes (glass disposable syringes with 
luer locks are best). 

ii. Freund's adjuvants can be replaced by other adjuvants (see p. 96). 
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SUBCUTANEOUS INJECTIONS— WITH ADJUVANTS 

Subcutaneous injections (sc) are used to deliver soluble or insoluble 
antigens into a local environment that is a good site of lymphoid 
draining. Maximum volumes for sc injections are about one-fifth the 
maximum used for ip injections (100 id compared to 500 M l). Subcutan- 
eous injections normally are done at more than one site to hel D 
ensure that the antigen is detected. 

Caution Freund's adjuvants are potentially harmful. Be careful 
during preparation and injection. 



1. The antigen should be dispersed in approximately 50-100 /xl per site 
of injection. Take up into a 1.0-ml syringe. Take up an equal volume 
of Freund's adjuvant into a second syringe barrel. For a primary 
immunization the adjuvant should be complete Freund's. (Complete 
Freund's should be vortexed before use to resuspend the killed 
Mycobacterium tuberculosis bacteria.) All other injections should 
be in incomplete Freund's. 

2. The adjuvant, which is oil based, and the aqueous antigen solutions 
are immiscible, but with mixing will form an emulsion. This is most 
easily done by pushing the mixture between the two 1-ml syringes 
via a two- or three-way valve as shown in Figure 6.5. Remove all air 
from both syringes before connecting to the valve. Make sure the 
connections are securely tightened. Depress the plunger on the 
syringe containing the aqueous antigen solution first. Continue to 
push the mixture between the two syringes until it becomes difficult 
to push (approximately 10-20 times). Push the emulsion into one 
syringe. Remove the valve and the other syringe, and place a 23- or 
25-gauge needle on the syringe. Displace any air that may be held in 
the barrel or in the needle by carefully depressing the plunger until 
the emulsion reaches the needle. 

3. Hold the mouse as shown in Figure 6.7. Inject approximately 200 ul 
total under the skin. 



NOTES 

i. If the volume of the antigen solution is small (100 M l or less), the emulsion 
between the Freund's and aqueous solutions may be prepared by vortex- 
mg or sonicating in a 1.5-ml conical tube. 

ii. Plastic syringes may be difficult to use when preparing the emulsion; 
therefore, most workers use glass syringes (glass disposable syringes are 



iii. Freund's adjuvants can be replaced by other adjuvants (see p. 96). 



MONOCLONAL ANTIBODIES 165 



SUBCUTANEOUS INJECTIONS— WITHOUT ADJUVANTS 



Like the peritoneal injections, subcutaneous (sc) injections that do not 
use adjuvants normally are used for delivering live cells to the mouse. 
This route is often used for tumorigenic cells. 

1. Cells should be washed carefully prior to injection to remove 
proteins from the growth medium. For example, many of the com- 
ponents of bovine serum are highly immunogenic, and, if they are 
injected with the cells, they can be antigenically dominant. Even 
washed cells will have a large number of extraneous proteins bound 
to the plasma membrane. If this remains a problem, it may be 
necessary to transfer the cells to low serum, serum-free medium, or 
mouse serum prior to the injection. 

2. The cells should be resuspended in approximately 100 fil of PBS per 
site of injection. Use a 25-gauge needle. 

3. Hold the mouse as shown in Figure 6.7. Inject under the skin. 
NOTES 

i. Normal doses of mammalian cells will be between 10 s and 10 7 cells/ 
injection. 

ii. Because of potential infections of the mouse colony, injections of live 
viruses, bacteria, or fungi normally are not recommended. These antigens 
are commonly killed or inactivated prior to injection. 




FIGURE 6.7 

Subcutaneous injection of a mouse. 



166 CHAPTER 6 



SUBCUTANEOUS IMPLANTS— NITROCELLULOSE 

Protein antigens immobilized on nitrocellulose often make exceptional- 
ly good immunogens. This is probably due to their slow release from 
the paper, thus behaving somewhat like an adjuvant (p. 96). Not all 
antigens show increased immunogenicity using this methodology, but 
some do. The antigen is bound to paper and is implanted on the back of 
the mouse's neck, a location that makes it difficult for the mouse to 
disturb the surgical clip. 

1. Incubate a solution of the antigen (no more than 1.0 mg/ml in PBS) 
with a sheet of nitrocellulose (0.1 ml/cm 2 ) at room temperature for 
1 hr in a humid atmosphere. 

2. Wash the sheet three times with PBS. 

3. Anesthetize the mouse by injecting a suitable drug (see Chapter 5 
p. 95). For mice, 0.05 ml of Nembutal ip (sodium pentobarbitone' 
40-85 mg/kg) is appropriate. The mouse will be ready for the 
operation in about 1-2 min. 
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4. Swab the skin on the mouse's back, just below the base of the neck, 
with alcohol. Raise the skin with a forceps and make a 1.5-cm 
incision with sterile scissors. Pull the skin from the inner body wall 
and insert a 0.5-cm 2 piece of the nitrocellulose. Close the incision 
with a skin clamp and return the mouse to its cage. 

5. Take weekly serum samples beginning about 14 days after the 
implant. About 10 days after the serum titer drops, the final boost 
can be given. The final boost will still be an iv injection. 
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INTRAVENOUS INJECTIONS 



Intravenous injections (iv) can be used for two purposes. When im- 
munizing mice, their main use will be to deliver the final boost just 
before a hybridoma fusion (p. 210). However, iv injections also are 
useful to ensure that the antigen is seen by the immune system. A 
rapid and strong response can be expected, as the antigen will be 
collected quickly in the spleen, liver, and lungs. The antigen will be 
processed quickly and no continued release of the antigen into the 
immune system can be expected. Consequently, these types of injec- 
tions produce a short-lived response. 

Intravenous injections should never be used as primary injections, 
and they must not contain large particulate matter. Because the 
injection will introduce the antigen directly into vital organs, harsh 
chemicals must be avoided. Similarly, adjuvants such as Freund's 
should not be used (p. 96). 

1. Isolate the mouse in a small cage or container. Heat the mouse with 
an infrared lamp. This will increase the blood supply to the tail 
making the veins easier to inject. Be careful of the length of time 
the mouse is left under the lamp. If it's too hot for your hand, it's too 
hot for the mouse. 

2. Move the mouse to a restraining device as shown in Figure 6.8. 

3. Swab a portion of the tail with alcohol about 1.5 cm below the base 
The veins on the tail should be easily visible. 

4. Use a 1.0-ml syringe fitted with a 26- or 27-gauge needle. Hold the 
tail firmly with one hand and guide the needle into one of the veins 
Gently draw back on the plunger. If the needle is in the vein, there 
will be very little resistance and blood will appear in the barrel. If 
there is strong resistance and no blood appears, the needle is not in 
the vein. Withdraw the needle and move to a second site or to 
another vein. This technique may require a little practice before 
you can hit the vein readily. Practice with injections of PBS. 

5. After you are sure the needle is in the vein, slowly deliver the 
injection. Pause a few seconds, remove the needle, and return the 
mouse to its cage. The antigen should be in solution and no adjuvant 
should be included. Except for specialized injections, the maximum 
amount to give a mouse by this method is 0.2 ml. 
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NOTES 

i. Injection by this route into immunized animals may cause an anaphylactic 
reaction. This can be prevented by a prior injection of an antihistamine. 
Contact your local animal committee for guidance. 

ii. Solutions for iv injections should not contain high concentrations of de- 
naturing agents and should be free of toxic chemicals such as sodium 
azide. 




FIGURE 6.8 

Intravenous injection of a mouse. 
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INJECTIONS DIRECTLY INTO LYMPHOID ORGANS 

These are injections for more specialized delivery of antigens. They 
are often appropriate for small amounts of antigen and particularly for 
secondary or later boosts. In theory, these types of injections may be 
the best methods for giving a final boost, but because they demand 
more skill, they are not in common use. The two most frequently used 
sites of injection are the footpad and the spleen. 

In general, footpad and spleen injections should be done only for 
highly specialized antigens and then only after consulting local au- 
thorities for the proper protocols. 
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■ Identifying Individual Mice 

Beginning with the first test bleeds, it is essential to mark the mice so 
that the immune response can be monitored in individuals. There are a 
number of methods that are currently used to identify mice. These 
include ear punches, toe clips, and tail markings. If your animal 
facility has a standard method, consult them for the proper codes. If 
not, an acceptable method that is not harmful to the mice is to color the 
toes of their hindlegs with an indelible marker. This procedure is 
relatively easy, and, because the marks are on the back legs, the mice 
don't seem to work as hard to remove the markings as on other sites. 
Even so, the marks need to be reapplied twice a week. 

If there is a large difference between the responses in individual 
mice, it may be worthwhile to isolate individual mice in separate cages 
to ensure that the proper mouse is given the final boost. 

■ Test Bleeds 

Except in unusual circumstances, it is seldom worthwhile to fuse 
antibody-secreting cells from animals that do not have a usable titer of 
antibodies in their serum. Periodic test bleeds collected from immu- 
nized animals should be checked for the desired antibodies. Tests are 
run conveniently on small batches of serum prepared from tail bleeds 
of immunized mice. 

The test bleed will yield small samples of polyclonal sera. These sera 
should be tested in assays that will detect the presence of antibodies 
specific for the antigen. These tests are discussed in detail in Chapters 
10-14. 

To make appropriate comparisons in these tests, two practical mat- 
ters need to be considered. First, the test bleeds should always be 
titered to monitor the development of the response. The appropriate 
dilutions will depend on the strength of the response and on the type of 
assay, but in general 1 in 5 or 1 in 10 dilutions will be satisfactory. 
Second, the proper negative control should be another polyclonal 
serum and not an unrelated monoclonal antibody. Most often, this 
negative control will be serum collected either from another uninject- 
ed animal or from an animal that has been boosted with an unrelated 
antigen. Although it is not always necessary, using serum from a test 
bleed collected before immunization of the animal is the best negative 
control. These bleeds are known as preimmune sera. 
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COLLECTING SERA FROM A MOUSE BY TAIL BLEED 



1. Isolate the mouse in a small cage or container. Heat the mouse 
under an infrared lamp for a few minutes. This treatment will 
increase the blood flow to the tail, but be careful not to hurt the 
mouse. If it's too hot for your hand, then it's too hot for the mouse. 
Place the mouse in a restricted space as shown in Figure 6.8. 

2. Swab a portion of the tail about 1.5-2 inches from the body with 
alcohol. Using a sterile scalpel, nick the underside of the tail across 
one of the lower veins that should be visible. Collect several drops 
of blood in a tube and return the mouse to its cage. 

3. Incubate the blood at 37°C for 1 hr. Flick the tube several times to 
dislodge the blood clot. 

4. Transfer to 4°C for 2 hr or overnight. 

5. Spin at 10,000g for 10 min at 4°C. 

6. Remove the serum from the cell pellet. Discard the cell pellet and 
spin the supernatant a second time for 10 min. Remove the serum, 
being careful to avoid the packed cell pellet. 

7. Add sodium azide to 0.02% and test. Any remaining serum may be 
frozen at -20°C. The yield is approximately 100-200 fxl 
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£ Deciding to Boost Again or to Fuse 

Three factors will influence the decision to proceed with the produc- 
tion of monoclonal antibodies. They all are related to the quality and 
strength of the immune response. First is whether the antibodies 
recognize the antigen of interest. This is the most straightforward of 
the factors and the simplest to determine. The second is a complicated 
set of properties of the antibodies themselves and the strength of the 
immune response. These properties are manifested as different titers 
of antibodies and different affinities of the antibody for the antigen. 
The third factor is the appearance of spurious antibody activities 
against unrelated antigens. 

In many cases the tests will be relatively easy, and the interpretation 
apparent. First, the sera should be checked for antibodies that bind to 
the immunogen itself. For example, if a purified antigen is used, sera 
could easily be tested for activity in a simple antibody capture assay 
(p. 175), or if whole cells are used then testing for binding to the cell 
surface should be done first (p. 184). However, if the monoclonal 
antibodies will be used for tests other than these simple assays, test 
bleeds should be checked in assays that resemble, as closely as 
possible, the tests for which the antibodies are being prepared. For 
many antibodies, the most useful test will be the immunoprecipitation 
of the antigen (p. 429). This assay is easy when only testing a few 
samples, and it will identify antibodies that will be useful in a large 
number of tests that depend on binding to the native antigen. If, 
however, the antibodies will be used extensively in immunoblot anal- 
yses, in immunohistochemical staining, or in other tests in which many 
antibodies may fail to work, these tests should be run as well. 

Second, sera should also be monitored for the concentration of 
specific antibodies by titering the test bleeds in the appropriate assays. 
As the immune response matures, higher levels of specific antibodies 
will be found. However, higher levels of antibodies do not necessarily 
mean higher affinities. If high affinity is crucial to the intended use of 
the antibody, the sera should be titered and compared in assays that 
are sensitive to antibody affinity, such as immunoprecipitation. 

The third factor to consider is the appearance of antibody activities 
against extraneous antigens. This response may be directed against 
other antigens in your preparations or may be a response to other 
antigens in the mouse's environment, including invasion by a 
pathogenic organism. If the mouse is ill, do not proceed with hybrid- 
oma construction. Isolate the mouse in a separate cage and allow it to 
recover before continuing. If a particularly valuable antigen is being 
used \ more care and vet ennary help may be needed. If the antibody 
activities are to contaminating antigens in the immunogen, a decision 
must be made whether to proceed. In general, making monoclonal 
antibodies against complex and multicomponent antigens is a very 
useful way of isolating specific immunochemical probes, particularly 
when the antigen is difficult to purify further. However, if the re- 
sponse against the other antigens continues to increase without a 
concomitant strengthening of the response to the desired antigen, 
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other approaches may need to be taken. Either other mice should be 
tested (other individuals or other strains) or the antigen may need to 
be purified further before proceeding. 

■ DEVELOPING THE SCREENING METHOD HnHMlHHHHBHHi 

Because most hybridoma cells grow at approximately the same rate, 
the tissue culture supernatants from all the fusion wells usually are 
ready to screen within a few days of one another. This means that 
screening is normally the most labor-intensive segment of hybridoma 
production. Care in developing the proper screen will help to keep the 
amount of work needed to identify positive wells to a minimum. 

Approximately 1 week after the fusion, colonies of hybrid cells will 
be ready to screen. During the screening, samples of tissue culture 
media are removed from wells that have growing hybridomas and are 
tested for the presence of the desired antibodies. Successful fusions 
will produce between 200 and 20,000 hybridoma colonies, with 500- 
1000 colonies being the norm. Depending on the fusion, individual 
wells will become ready to screen over a 2- to 6-day period. Typically, 
the first wells would be ready to screen on day 7 or 8, and most of the 
wells will need to be screened within the next 4 or 5 days. 

A good screening procedure must: (1) reduce the number of cultures 
that must be maintained to a reasonable level (seldom more than 50 
cultures at one time), (2) identify potential positives in 48 hr or less (24 
hr or less is ideal), and (3) be easy enough to perform for all the 
needed wells. Positive wells may be as rare as 1 in 500 or as common 
as 9 out of 10. Several screening steps can be combined to identify the 
desired clones, as long as the first screen reduces the tissue culture 
work to a manageable level. After the first round of screens, handling 
the tissue culture necessary for 100 wells is difficult for one person, 50 
wells is reasonable, and less than 20 is relatively simple. 



All screening procedures must be tested and validated before the 
fusion has begun. After the fusion, there is seldom enough time to 
try out new ideas or to refine methods. The test bleeds should be 
used to set up and test the screening assay. 
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■ Screening Strategies 

There are three classes of screening methods, antibody capture as- 
says, antigen capture assays, and functional screens. Currently, most 
screens are done by either antigen or antibody capture, but as func- 
tional assays become easier to use, more fusions will be screened by 
these methods. Table 6.5 depicts several of the more common screen- 
ing techniques. 

In general, the more antigens in the immunizing injections, the more 
difficult the screen. Researchers with pure or partially pure antigens 
should use methods for antibody capture. If the subcellular location of 
an antigen is known, positive tissue culture supernatants can be 
identified by cell staining. If the immunizations used complex antigen 
solutions, procedures such as immunoprecipitation or other antigen 
capture assays may be the only alternatives. 

In addition to the tests described below, any of the assays used for 
analyzing antigens can be adapted for use as a screen (see Chapters 
10-14). 

■ Antibody Capture Assays 

Antibody capture assays are often the easiest and most convenient of 
the screening methods. In an antibody capture assay the following 
sequence takes place: the antigen is bound to a solid substrate, the 
antibodies in the hybridoma tissue culture supernatant are allowed to 
bind to the antigen, the unbound antibodies are removed by washing, 
and then the bound antibodies are detected by a secondary reagent 
that specifically recognizes the antibody. In this assay the detection 
method identifies the presence of the antibody, thus determining a 
positive reaction. 

Most antibody capture assays rely on an indirect method of detect- 
ing the antibody. This is commonly done with a secondary reagent 
such as rabbit anti-mouse immunoglobulin antibodies. These antibod- 
ies can be purchased from commercial suppliers or can be prepared 
by injecting purified mouse immunogloblins into rabbits (see p. 622). 
The rabbit antibodies can be purified, labeled with an easily detectable 
tag (pp. 288 and 319), and used to determine the presence of mouse 
monoclonal antibodies. 

Alternatively, positives can be located by other reagents that will 
bind specifically to antibodies. Two proteins that may be used for these 
reactions are protein A and protein G (see p. 615). Both of these 
polypeptides are bacterial cell wall proteins that have high affinities 
for a site in the Fc portion of some antibodies. Protein A and protein G 
can be purified and labeled with an appropriate tag. 



CHAPTER 6 



TABLE 6.5 

Methods for Screening Hybridoma Fusions 



Method 



Examples 



Antibody 
Capture 



PVC wells 



A 



Nitrocellulose 



J 



Whole cells 




Permeabilized cells 




Antigen 
Capture 



Ab/Ag in solution 



Y 



Ab/Ag on solid phase 



Functional 



Blocking 





Depletion 
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Advantages 



Disadvantages 



Easy 
Rapid 



Need pure or partially 

pure antigen 
Doesn't discriminate 

between high- and low-affinity Ab 



Relatively easy 
Doesn't need pure Ag 
Learn Ag locale 



Ag prep can be tedious 
Doesn't discriminate 
between high- and low-affinity Ab 



Only detect 
high-affinity Ab 



Unless you have 
pure labeled Ag, 

Assay is tedious 
and slow 



Rapid 



Need pure labeled Ag 
Setting up solid phase 
is tricky 



Ab immediately 
useful 



False positives 
Potentially tedious 



Ab immediately 

useful 
Only detect high 

affinity Ab 



Tedious 
Ag must be 
limiting 



178 CHAPTER 6 



ANTIBODY CAPTURE ON NITROCELLULOSE— DOT BLOTS* 

If the antigen is a protein that is available in large amounts, dot blots 
are one of the assays of choice. The antigen is bound directly to the 
nitrocellulose sheet. Many assays are performed on a single sheet; 
therefore, the manipulations are simple. 

Assays using polyvinylchloride multiwell plates in place of nitro- 
cellulose sheets are good alternatives to dot blots. They are discussed 
on pp. 180 or 182. 

1. A protein solution of at least 1 fig /ml is added to a nitrocellulose 
sheet at 0.1 ml /cm 2 . Allow the protein to bind to the paper for 1 hr. 
Higher concentrations of proteins will increase the signal and make 
screening faster and easier. If the amount of protein is not limiting, 
concentrations of 10-50 ng/ml should be used. Nitrocellulose can 
bind approximately 100 fig of protein per cm 2 . 

2. Wash the nitrocellulose sheet three times in PBS. 

3. Place the sheet in a solution of 3% BSA in PBS with 0.02% sodium 
azide for 2 hr to overnight. To store the sheet, wash twice in PBS 
and place at 4°C with 0.02% sodium azide. For long-term storage, 
shake off excessive moisture from the sheet, cover in plastic wrap! 
and store at -70°C. 

4. Place the wet sheet on a piece of parafilm, and rule with a soft lead 
pencil in 3-mm squares. Cut off enough paper for the number of 
assays. 

5. Apply 1 pi of the hybridoma tissue culture supernatant to each 
square. Incubate the nitrocellulose sheet on the parafilm at room 
temperature in a humid atmosphere for 30 min. 

Along with dilutions of normal mouse serum, include dilutions of 
the mouse serum from the last test bleed as controls. Dilutions of 
the test sera are essential to control correctly for the strength of 
the positive signals. Mouse sera will often contain numerous anti- 
bodies to different regions of the antigen and therefore will give a 
stronger signal than a monoclonal antibody. Therefore, dilutions 
need to be used to lower the signal. Good monoclonal antibodies will 
appear 10-fold less potent than good polyclonal sera. 

6. Quickly wash the sheet three times with PBS, then wash two times 
for 5 min each with PBS. 



•Adapted from Sharon et al. (1979); Glenney et al. (1982); Hawkes et al. (1982); 
Herbrink et al. (1982); Huet et al. (1982); Yen and Webster (1982); and reviewed in 
Hawkes (1986). 
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7. Add 50,000 cpm of l25 Mabeled rabbit anti-mouse immunoglobulin 
per 3-mm square in 3% BSA/PBS with 0.02% sodium azide (about 
2.0 ml/cm 2 ). 

8. After 30-60 min of incubation with shaking at room temperature, 
wash extensively with PBS until counts in the wash buffer approach 
background levels. 

9. Cover in plastic wrap and expose to X-ray film with a screen at 
-70°C. 



NOTES 

i. The types of bonds that hold protein to nitrocellulose are not known. 
However, the binding is blocked by oils or other proteins. Wear gloves and 
use virgin nitrocellulose sheets. For short- or long-term storage, do not 
leave the paper in buffers containing other proteins. Slow exchange 
occurs and this will lower the strength of the signal. For long-term 
storage, freeze the paper in plastic wrap at -70°C. 

ii. In all of the antibody capture assays, the method for detecting the 
antibody caj^be substituted with other techniques. Most techniques em- 
ploy either 125 I-labeled rabbit anti-mouse immunoglobulins or horseradish 
peroxidase-labeled rabbit anti-mouse immunoglobulins. For nitrocellulose 
tests using enzyme-linked reagents, only substrates that yield insoluble 
products should be used (p. 681). Both enzyme- and l25 I-labeled reagents 
can be purchased from commercial suppliers or prepared in the lab (p. 
319). If the detection method uses horseradish peroxidase rather than 
l2S Mabeled rabbit anti-mouse immunoglobulin, sodium azide will block 
the development of the color. 

iii. In all the assays in which proteins are bound to nitrocellulose or poly- 
vinylchloride, the remaining binding sites on the solid support must be 
blocked by adding extraneous proteins. Solutions that are commonly used 
include 3% BSA/PBS, 1% BSA/PBS, 0.5% casein/PBS, 20% skim dry 
milk/PBS, or 1% gelatin/PBS. There are conflicting reports in the litera- 
ture as to the best reagents to use, and this may reflect differences in 
suppliers or slight differences in techniques. Test several and use what- 
ever works best for you. If the blocking solutions are prepared in advance 
and stored, sodium azide should be added to 0.02% to prevent bacterial or 
fungal contamination. 
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ANTIBODY CAPTURE IN POL YVINYL CHLORIDE WELLS— 
12S I DETECTION* 



Antibody capture assays in polyvinylchloride (PVC) plates are one of 
the most commonly used assays. Each well serves as a separate assay 
chamber, but because they are molded together the manipulations are 
simple. Two variations of these techniques are listed here, one for l25 I 
detection and one for enzyme-linked assays (p. 182). Both are easy and 
accurate. The radioimmune assay is easier to quantitate, but the 
enzyme assay is adequate for most purposes and avoids the problems 
of radioactive handling. 

1. Prepare a solution of approximately 2 Mg/ml of the antigen in 10 
mM sodium phosphate (pH 7.0). Higher concentrations will speed 
the binding of antigen to the PVC, but the capacity of the plastic is 
only about 300 ng/cm 2 , so the extra protein will not bind to the 
PVC. However, if higher concentrations are used, the protein 
solution can be saved and used again. Many workers prefer to use 
50 mM carbonate buffer (pH 9.0) in place of the phosphate buffer. 

2. Add 50 ^1 of antigen to each well. Incubate at room temperature 
for 2 hr or overnight at 4°C. 

3. Remove the contents of the well. If the solution will not be saved, it 
can be removed by aspiration or by flicking the liquid into a 
suitable waste container. 

4. Wash the plate twice with PBS. A 500-ml squirt bottle is con- 
venient. 

5. Fill the wells with 3% BSA/PBS with 0.02% sodium azide. Incubate 
for at least 2 hr at room temperature. 

6. Wash the plate twice with PBS. 

7. Add 50 jjlI of the tissue culture supernatant. Incubate 1 hr at room 
temperature. 

8. Wash the plate twice with PBS. 

9. Add 50 m1 of 3% BSA/PBS containing 50,000 cpm of 12S Mabeled 
rabbit anti-mouse immunoglobulin to each well. Incubate 1 hr at 
room temperature. ( 125 I-Labeied reagents can be purchased or 
prepared as described on p. 324.) 



•Adapted from Catt and Tregear (1967); Salmon et al. (1969). 
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10. Wash the plate with PBS until there are no more counts in the wash 
buffer. 

11. Either cut the wells apart and count in a gamma counter or expose 
the entire plate to film. 



NOTES 

i. In all the assays in which proteins are bound to nitrocellulose or poly- 
vinylchloride, the remaining binding sites on the solid support must be 
blocked by adding extraneous proteins. Solutions that are commonly used 
include 3% BSA/PBS, 1% BSA/PBS, 0.5% casein/PBS, 20% skim dry 
milk/PBS, or 1% gelatin/PBS. There are conflicting reports in the litera- 
ture as to the best reagents to use, and this may reflect differences in 
suppliers or slight differences in techniques. Test several and use those 
that work best for you. If the blocking solutions are prepared in advance 
and stored, sodium azide should be added to 0.02% to prevent bacterial or 
fungal contamination. 

ii. Antigen-coated plates can be prepared in advance and stored. After the 
blocking solution has been removed, store at -70°C. 
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ANTIBODY CAPTURE IN POL YVIN YL CHL PRIDE WELLS— 
ENZYME- LINKED DETECTION* 



As an alternative to using 125 Mabeled reagents for antibody capture 
assays in polyvinylchloride (PVC) plates (p. 180), enzyme-linked as- 
says can be employed. The assay is preformed identically to the 
12S I-labeled assay except the detection methods are changed. 

1. Prepare a solution of approximately 2 ^igiml of the antigen in 10 
mM sodium phosphate (pH 7.0). Higher concentrations will speed 
the binding of antigen to the PVC, but the capacity of the plastic is 
only about 300 ng/cm 2 , so the extra protein will not bind to the 
PVC. However, if higher concentrations are used, the protein 
solution can be saved and used again. Many workers prefer to use 
50 mM carbonate buffer (pH 9.0) in place of the phosphate buffer. 

2. Add 50 Atl of antigen to each well. Incubate at room temperature 
for 2 hr or overnight at 4°C. 

3. Remove the contents of the well. If the solution will not be saved, it 
can be removed by aspiration or by flicking the liquid into a 
suitable waste container. 

4. Wash the plate twice with PBS. A 500-ml squirt bottle is con- 
venient. 

5. Fill the wells with 3% BSA/PBS (no sodium azide). Incubate for at 
least 2 hr at room temperature. 

6. Wash the plate twice with PBS. 

7. Add 50 fil of the tissue culture supernatant. Incubate 1 hr at room 
temperature. 

8. Wash the plate twice with PBS. 

9. Add 50 m1 of 3% BSA/PBS (without sodium azide) containing a 
dilution of horseradish peroxidase-labeled rabbit anti-mouse 
immunoglobulin antibody to each well. Incubate 1 hr at room 
temperature. (Horseradish peroxidase-labeled reagents can be pur- 
chased or prepared as described on p. 344. Most commercial rea- 
gents should be diluted 1 in 1000 to 1 in 5000. Try several dilutions 
in preliminary tests and choose the best.) 

10. Wash the plate with PBS three times. 



'Adapted from Catt and Tregear (1967); Salmon et al. (1969); Envgrall and Perlmann 
(1972). 
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11. During the final washes prepare the TMB substrate solution. Dis- 
solve 0.1 mg of 3',3',5',5'-tetramethylbenzidine (TMB) in 0.1 ml of 
dimethylsulfoxide. Add 9.9 ml of 0.1 M sodium acetate (pH 6.0). 
Filter through Whatman No. 1 or equivalent. Add hydrogen perox- 
ide to a final concentration of 0.01%. This is sufficient for two 
96-well plates. (Hydrogen peroxide is normally supplied as a 30% 
solution. After opening, it should be stored at 4°C, where it is stable 
for 1 month.) 

12. After the final wash in PBS, add 50 /ul of the substrate solution to 
each microtiter well. 

13. Incubate for 10-30 min at room temperature. Positives appear pale 
blue. 

14. Add 50 /xl of stop solution, 1 m H 2 S0 4 , to every well. Positives now 
appear bright yellow. To quantitate the binding, read the results at 
450 nm. 



NOTES 

i. In all the assays in which proteins are bound to polyvinylchloride, the 
remaining binding sites on the solid support must be blocked by adding 
extraneous proteins. Solutions that are commonly used include 3% BSA/ 
PBS, 1% BSA/PBS, 0.5% casein/PBS, 20% skim dry milk/PBS, or 1% 
gelatin/ PBS. There are conflicting reports in the literature as to the best 
reagents to use, and this may reflect differences in suppliers or slight 
differences in techniques. Test several and use whatever works best for 
you. 

ii. Antigen-coated plates can be prepared in advance and stored. After the 
blocking solution has been removed, store at -70°C 

iii. Do not include sodium azide in solutions when horseradish peroxidase is 
used for detection. 
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ANTIBODY CAPTURE ON WHOLE CELLS- 
CELL- SURFACE BINDING* ~~ 



If the subcellular location of an antigen is known, cell staining assays 
can be used to screen hybridoma tissue culture supernatants. Two 
aSSay i S 2 S are given here ' one for cell - surfac e screening using detection 
with 12s Mabeled reagents and a second for internal localization using 
enzyme-labeled reagents. Also, any of the techniques for cell staining 
in Chapter 10 can be adapted for screening. 

1. Prepare a suspension of target cells at 1-2 x 10 6 cells/ml in 1% 
BSA/PBS with 0.1% sodium azide. If the cell pellets are particular- 
ly difficult to see, add a drop of a suspension of red blood cells or 
other colored particle that will not interfere with the assay. 

2. Add 100 pi of the cell suspension to the wells of a V-bottomed 
polyvinylchloride (PVC) plate. 

3. Centrifuge the PVC plate for 5 min at 400g. Many centrifuge 
manufacturers supply suitable plate carriers for these types of 
assays. 

4. Carefully remove the supernatants by aspiration. 

5. Resuspend the cell pellet without adding any buffer by tapping the 
plate or by using a microshaker. Dispersing the cell pellet is 
important for the rapid binding of antibody to the surface an- 
tigens. 

6. Add 50 fA of tissue culture supernatant. Incubate at 4°C for 1 hr 
with periodic shaking. 

7. Centrifuge the PVC plate for 5 min at 400g. Remove the tissue 
culture supernatant by aspiration. 

8. Wash the cells twice by resuspending in 200 M l of ice cold 1% 
BSA/PBS with 0.1% sodium azide and centrifuging the plate. 

9. Add 50 fi\ of ice-cold 1% BSA/PBS with 0.1% sodium azide contain- 
ing 50,000 cpm of I25 Mabeled Fab fragment of rabbit anti-mouse 
immunoglobulin antibodies. Incubate at 4°C for 90 min with 
periodic shaking. If the target cells do not have a receptor for the 
Fc portion of immunoglobulins, then 12S I-labeled rabbit anti-mouse 
immunoglobulin antibody may be used in place of the Fab 
fragment. 



•Goldstein et al. (1973); Jensenius and Williams (1974); Morris and Williams (1975V 
Welsh et al. (1975); Galfre et al. (1977); Williams (1977). 
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10. Centrifuge the PVC plate as before. Wash the cells three times 
with ice-cold 1% BSA/PBS with 0.1% sodium azide. 

11. Cut the wells and count in a gamma counter or expose the plate to 
film. 



NOTES 

i. Keeping the cells cold and in the presence of sodium azide throughout this 
procedure will slow the rate of capping and internalization of the surface 
antigens. 

ii. In all of the antibody capture assays, the method for detecting the antibody 
am be substituted with other techniques. Most techniques employ either 
Mabeled rabbit anti-mouse immunoglobulin antibodies or enzyme- 
linked rabbit anti-mouse immunoglobulin antibodies. Both these reagents 
can be purchased from commercial suppliers or prepared in the lab (p 
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ANTIBODY CAPTURE ON PERMEABILIZED CELLS— 
CELL STAINING* 



One major advantage of using cell staining in hybridoma screens is 
that the assays give an extra level of information. Unlike other anti- 
body capture assays that rely on the simple detection of antibody, cell 
staining also determines the localization. This extra information makes 
cell staining a good assay when using complex antigens. 

Both fluorochrome- and enzyme-labeled reagents can be used to 
detect the presence of the antibodies (see Chapter 10 for more details), 
but if the levels are high enough to be detected using enzyme-labeled 
reagents, enzyme methods should be used. Enzyme-labeled assays can 
be scored by using the light microscope. Scoring assays using the 
fluorescent microscope will give more resolution, but long-term obser- 
vation under this microscope is disorienting for most people. 

1. Grow cells in standard tissue culture conditions on standard tissue 
culture plates with fetal calf serum. Some staining will be more 
pronounced on subconfluent cells, some on fully confluent cells. 

2. Pour off the medium, and flood the plate with PBS. 

3. Pour off the PBS. Flood the plate with freshly prepared 50 : 50 
acetone/ methanol mixture. Incubate at room temperature for 5 
min. 

4. Pour off the acetone /methanol, and allow to air dry (approximately 
5 min). 

5. Score the bottom of the plate with a marking pen to form a grid of 
small squares to identify the location of the hybridoma tissue 
culture supernatants. Fifty tests can easily be done on one 100-mm 
tissue culture dish. 

6. Add 2-5 pi of tissue culture supernatant to the fixed and per- 
meabilized cell sheet above the appropriate mark. Incubate for 1 
hr at room temperature in a humid atmosphere. 

7. Wash the entire plate by flooding with PBS. Pour off the PBS and 
repeat three times. 

8. For a 100-mm dish, add 3 ml of rabbit anti-mouse immunoglobulin 
antibody-horseradish peroxidase solution (diluted 1/200 in 3% 
BSA/PBS) to the plate. Incubate for 1 hr at room temperature. 

9. Pour off and wash three times with PBS. 



•Lane and Lane (1981); see also Chapter 10 for historical and alternative methods. 
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10. During the last wash, dissolve 6 mg of 3,3'-diaminobenzidine in 9 
ml of 50 mM Tris (pH 7.6). A small precipitate may form. Add 1 ml 
of 0.3% (wt/vol) NiCl 2 or CoCI 2 . Filter through Whatman No. 1 
filter paper (or equivalent). This is sufficient for one 100-mm plate. 

11. Add 10 /J of 30% H 2 0 2 . (H 2 0 2 is generally supplied as a 30% 
solution and should be stored at 4°C, where it will last about 1 
month.) 

12. Add 10 ml of substrate solution per 100-mm dish. Develop at room 
temperature with agitation until the spots are suitably dark. A 
typical incubation would be approximately 1-15 min. 

13. Pour off the enzyme substrate and wash several times with water. 
Store in water with 0.02% sodium azide. 

14. Look for black /brown spots in the marked squares and examine 
positives under the microscope. 

NOTE 

i. Cells grown in calf serum often show high background staining due to 
binding of the second antibody to calf immunoglobulins. 
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■ Antigen Capture Assays 

In an antigen capture assay, the detection method identifies the pres- 
ence of the antigen. Often this is done by labeling the antigen directly. 
These assays require the monoclonal antibody to have a high affinity 
for antigen since the labeled antigen is normally added at very low 
concentration in free solution. 

There are two types of antigen capture assays, and these assays 
differ by the order in which the steps are performed. In one variation, 
the antibodies in the tissue culture supernatant are bound to a solid 
phase first, and then the antigen is allowed to react with the antibody. 
In the second variation, the antibody-antigen complex is allowed to 
form prior to the binding of the antibody to a solid phase. In either 
case, once the antibody-antigen complexes are bound to the solid 
support, the unbound antigen is removed by washing, and positives are 
identified by detecting the antigen. 
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Detection of the antigen can be performed by a number of tech- 
niques. If the antigen is available in pure form, it can be labeled by 
radiolabeling, fluorescent tagging, or enzyme coupling. If the antigen 
itself is an enzyme, positives may be determined by the presence of 
the enzymatic activity. Any property that is unique to the antigen can 
be used to identify positives. 
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ANTIGEN CAPTURE ON NITROCELLULOSE— 
REVERSE DOT BLOT* 



Reverse dot blot assays are more complicated to use than many of the 
other screening assays, but they are particularly valuable if pure or 
partially pure antigen is available, although only in limited quantities. 
The monoclonal antibodies in the supernatants are "captured" on an 
anti-immunoglobulin antibody layer, previously bound to nitrocellulose 
or PVC (p. 192 for this variation), and then labeled antigen is added. 
Positives can be determined by the location of the antigen. Because the 
antigen can be labeled to high specific activity with either 125 I or 
enzyme, very little antigen is used in the screening procedure. How- 
ever, the assays are tricky to set up and demand careful use. 

1. Prior to the assay, purify the immunoglobulin fraction from rabbit 
anti-mouse sera using one of the standard methods (p. 288). Purifi- 
cation on protein A beads is probably the easiest for the rabbit 
antibodies. Alternatively, purchase the purified antibodies from a 
commercial source. 

2. Cut nitrocellulose paper to the size of a dot blot apparatus. Add 
rabbit anti-mouse immunoglobulin solution (approximately 200 fig 
of purified antibody/ml in PBS) to nitrocellulose paper. Use 10 
ml/ 100 cm 2 . Incubate for 60 min at room temperature. 

3. Wash the paper three times with PBS, 5 min for each wash. 

4. Incubate in 3% BSA/PBS with 0.02% sodium azide for 1 hr at room 
temperature. 

5. Load into a 96-well dot blot apparatus. 

6. Add 50 fx\ of hybridoma tissue culture supernatant to each well. 
Incubate for 1 hr at room temperature. 

7. Draw the supernatant through the nitrocellulose paper by applying 
vacuum to the bottom chamber of the dot blot apparatus. 

8. Wash the nitrocellulose paper and wells three times with 3% 
BSA/PBS. 

9. Remove the paper from apparatus and incubate with 125 Mabeled 
antigen (10 ml/96-well sheet, 50,000 cpm/well in 3% BSA/PBS) at 
room temperature for 1 hr with shaking. ( 125 I-Labeled antigens can 
be prepared as described on p. 324.) 



•Adapted from Wide and Porath (1966); Catt and Tregear (1967); Envgrall and 
Perlmann (1971); Van Weeman and Schuurs (1971). 
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10. Wash the paper with PBS until counts in the wash buffer approach 
background levels. 

11. Cover in plastic wrap and expose to X-ray film at -70°C with a 
screen. 



NOTES 

i. The types of bonds that hold protein to nitrocellulose are not known. 
However, the binding is blocked by oils or other proteins. Wear gloves and 
use virgin nitrocellulose sheets. For short- or long-term storage, do not 
leave the paper in buffers containing other proteins. Slow exchange occurs 
and this will lower the strength of the signal. For long-term storage, freeze 
the paper in plastic wrap at -70°C 

ii. In all the assays in which proteins are bound to nitrocellulose, the remain- 
ing binding sites on the solid support must be blocked by adding extra- 
neous proteins. Solutions that are commonly used include 3% BSA/PBS, 
1% BSA/PBS, 0.5% casein/PBS, 20% skim dry milk/PBS, or 1% gelatin/ 
PBS. There are conflicting reports in the literature as to the best reagents 
to use, and this may reflect differences in suppliers or slight differences in 
techniques. Test several and use whatever works best. If the blocking 
solutions are prepared in advance and stored, sodium azide should be 
added to 0.02% to prevent bacterial or fungal contamination. 
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ANTIGEN CAPTURE IN POL WIN YL CHL PRIDE WELLS' 

This assay is similar to the nitrocellulose reverse dot blot assay 
described on p. 190. The major difference is the use of polyvinylchlo- 
ride (PVC) plates in place of nitrocellulose. This makes the handling of 
the individual assays easier, because each well is used for a separate 
assay; with the nitrocellulose, this is achieved by using a dot blot 
apparatus. The major disadvantage of using the PVC is the lower 
binding capacity of the PVC wells. 

1. Add 50 ^1 of affinity-purified rabbit anti-mouse immunoglobulin in 
PBS (20 /xg/ml) to each well. Incubate for 2 hr at room temperature 
or overnight at 4°C. Many workers prefer to use 50 mM carbonate 
buffer (pH 9.0) in place of the PBS. 

Because of the low binding capacity of PVC, the signal will be 
stronger with affinity-purified rabbit anti-mouse immunoglobulin 
antibodies. These are the subset of antibodies in the anti-mouse 
immunoglobulin sera that bind to mouse antibodies. Affinity- 
purified antibodies can be prepared in the laboratory (p. 313) or can 
be purchased from commercial sources. When using concentrations 
above about 20 fig/ml, the solution should be saved for reuse. 

2. Wash twice with PBS. 

3. Add 200 fi\ of 3% BSA/PBS with 0.02% sodium azide to each well. 
Incubate for at least 2 hr at room temperature. 

4. Wash twice with PBS. Add 50 fxl of tissue culture supernatant to 
each well. Incubate for 2 hr at room temperature. 

5. Wash three times with PBS. Add 50 fi\ of 3% BSA/PBS with 0.02% 
sodium azide containing 50,000 cpm of 125 I-labeled antigen per well. 
Incubate for 1 hr at room temperature. (Procedures for labeling 
antigens are described on p. 324.) 

6. Wash with PBS until counts in the wash buffer approach back- 
ground levels. 

7. Either cut the wells apart and count in a gamma counter or expose 
the plate to X-ray film at -70°C with a screen. 



•Adapted from Wide and Porath (1966); Catt and Tregear (1967); Envgrall and 
Perlmann (1971); Van Weeman and Schuurs (1971). 
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NOTE 

i. In all the assays in which proteins are bound to polyvinylchloride the 
remaining binding sites on the solid support must be blocked by adding 
extraneous proteins. Solutions that are commonly used include 3% BSA/ 
PBS, 1% BSA/PBS, 0.5% casein/PBS, 20% skim dry milk/PBS, or 1% 
gelatin/PBS. There are conflicting reports in the literature as to the best 
reagents to use, and this may reflect differences in suppliers or slight 
differences in techniques. Test several and use whatever works best for 
you. If the blocking solutions are prepared in advance and stored, sodium 
azide should be added to 0.02% to prevent bacterial or fungal contami- 
nation. 
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ANTIGEN CAPTURE IN SOLUTION — IMMUNOPRECIPITA TION 

Immunoprecipitation is seldom used for screening hybridoma fusions, 
because the assays are tedious and time consuming. However, because 
the antigen is normally detected after SDS-polyacrylamide elec- 
trophoresis, it is simple to discriminate potential positives from au- 
thentic ones. The added information gained about the molecular 
weight of an antigen makes these assays particularly useful when 
using complex antigens. 

1. Prepare sufficient radiolabeled antigen for overnight detection of 
100 samples. Samples can be labeled directly using 12S I (p. 324) or 
prepared from radiolabeled extracts of cells (p. 429). 

2. Either use tissue culture supernatants directly or pool in such a way 
that no more than 98 samples need to be handled (p. 215). 

3. Label microfuge tubes and add samples of radiolabeled antigen to 
each. Add 50 fi\ of hybridoma tissue culture supernatants to each 
tube. Include one positive control (probably from the last test 
bleed) and one negative control (probably from a nonimmune 
mouse). Incubate for 1 hr on ice. 

If all classes of immunoglobulins are wanted, 30 min into the 
incubation add 0.5 fx\ of rabbit anti-mouse immunoglobulin serum. 
Normally it is easiest to add this as 10 /J of 1 in 20 dilution of the 
serum in PBS. Keep on ice. 

4. Add 20 pi of a 10% suspension of prewashed SAC (p. 620). Incubate 
for 30 min on ice. 

5. Spin for 1 min at 10,000g. Remove supernatant by aspiration. Re- 
suspend the pellet in 750 fx\ of PBS. 

6. Spin for 1 min at 10,000g and repeat wash. 

7. Spin for 1 min at 10,000g and remove supernatant by aspiration. 
Add 50 fil of Laemmli sample buffer (p. 684). To make the resuspen- 
sion easier, snap freeze by placing the tubes in a dry ice-ethanol 
bath. Resuspend and load onto a polyacrylamide gel. Handle as for 
normal electrophoresis (p. 636). 
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Functional Assays 

In functional assays, the antibodies in the hybridoma tissue culture 
supernatants are used either to block a reaction or as a molecular 
handle to deplete an essential component of a reaction mix. Any 
antibodies that are identified using these assays form an immediately 
useful set of reagents. However, the assays are difficult to perform 
and interpret, and therefore are seldom used. 



CHAPTER 6 



PRODUCING HYBRIDOMAS 

Although hybridoma production is the most discussed of the stases of 
monoclonal antibody preparation, most of the steps have been anal- 
yzed in enough detail that they are now routine. The ease with which 
this stage proceeds is dependent on how well the previous stages of 
immunization and development of the screen have gone. A strone 
immune response and the use of a good screening method will make 
the production of the hybridomas an easier task. 

Once a good immune response has developed in an animal and an 
appropriate screening procedure has been developed, the construction 
of hybridomas is ready to begin. For the actual fusion, antibody- 
secreting cells are isolated from the appropriate lymphoid tissue 
mixed with myeloma cells, centrifuged to generate good cell-to ceU 
contacts, and fused with polyethylene glycol (PEG). The fused cells 
are then removed from the PEG solution, diluted into selective 
medium, and plated in multiwell tissue culture dishes. Beginning 
approximately 1 week later, samples of the tissue culture supernatXf 

L'r rhTr' fr ° m Hi! 5 th3t C ° ntain growin * hybridomas and tested 
for the presence of the appropriate antibodies. Cells from positive 

rnHh S n a HiL gr0Wn ' ™*»^ and frozen. Finally, the monoclonal 

antibodies are collected and used. 

Hybridoma production demands good tissue culture facilities and a 

able to ne t r h for e t H U,tU, : e 'T™™' A W*nced worker wm be 
?vinhL P ? , th ! et ! tire fuslon P roced "re from removal of the 
ymphoid tissue to the plating of the final fused cells in less than 2 hr 

S£ X°n k 1S i h6n req Tw ed Until the screenin e b <*™ in about 1 week 
This step is the most labor intensive of the entire project. Approxi 
ma tely 1 week is needed to complete the screening of the hybridoma 
wells, and i the fusion has been successful, another 2 weeks of tissue 
culture work will be needed until a suitable stage for a break has been 
reached. Do not begin hybridoma production without the time needed 
jor these operations. 

Although resultant hybridomas are relatively easy to grow in the 
first stages following the fusion, they may be particularly 5 f^gi U anS 

nnt JT* ^ BCCaUS t they are the final resuIt of « long series of 
operations, and because they are produced as individual clones with no 
backup, the cells are quite valuable. At the early stages contaminated 
cultures cannot be recovered. ^mdmmatea 

Chapter 7 (p. 245) contains descriptions of the techniques used for 
growing and maintaining hybridoma and myeloma cell lines as well as 
lists of appropriate growth media. 
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■ Preparation for Fusions 

Prior to the time of fusion, several solutions must be prepared. In 
addition, unless you have purchased batches of fetal bovine serum and 
PEG that have been prescreened by manufacturers for their use in 
fusions, these solutions should be tested. 
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SCREENING FOR GOOD BATCHES OF FETAL 
BOVINE SERUM 



Only about one in five lots of fetal bovine serum (FBS) is particularly 
good at supporting hybridoma growth. The key constituents that dis- 
tinguish good batches of serum from bad are not known. Order test 
batches from several suppliers or purchase prescreened serum direct- 
ly from the distributor. 

1. Test each batch of FBS against your present lot. Test the FBS with 
your most commonly used myeloma line as well as two hybridoma 
lines (if available). If possible, use one hybridoma that is easy to 
maintain and one that is more difficult. 

2. For each lot of serum to test, prepare 30 ml of 10% FBS in medium 
(p. 247) without any further additives. Dispense 100 ^1 of the test 
medium in all the wells of a 96-well tissue culture dish using a 
multiwell pipettor. Prepare three trays per test and place the trays 
back in a C0 2 incubator to adjust the pH. 

3. Wash the three test cell lines (one myeloma and two hybridomas) in 
medium without serum. The cells should be healthy and growing 
rapidly before the test. Resuspend the cells in medium without 
serum at a concentration of approximately 10 s cells /ml. You will 
need approximately 2.5 ml for these tests. 

4. Add 100 m1 of the cell suspensions to each of the eight wells in the 
left-hand row of the test plates— one cell line per plate; three 
plates /sample of FBS. 

5. Using an eight-well multipipettor mix the contents of the left hand 
row. Then remove 100 /xl from the first row and do serial 1 in 2 
dilutions across the plate. Incubate at 37°C in a C0 2 incubator. 

6. Check the wells under a microscope after 7, 10, and 14 days. The 
wells in the left-hand side of the plate should all grow. Depending 
on the ability of the individual batches of serum to support growth, 
you will see growth extending to the wells with smaller number of 
cells. This assay tests directly for the ability of different serum 
samples to replace the feeder effects of high-density hybridoma 
culture and mimics the problems of individual cells attempting to 
grow out from either single-cell cloning or hybrid fusions. 
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NOTES 

i. Good batches of serum should support growth of as few as 20 cells per 
well. Do not purchase batches that support less than 100. 

ii. Any method that is used for single-cell cloning can be adapted to screen 
serum batches. 

iii. Serum is stable when stored at -20°C for 1 year. 
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PREPARING OPI 



OPI is a solution of oxaloacetate, pyruvate, and insulin that helps 
support the growth of hybridoma and myeloma cells at low densities. 
It is not required for high-density culture. 

1. To prepare 100 ml of 100 x OPI, dissolve 1.5 grams of oxaloacetate, 
500 mg of sodium pyruvate in 100 ml of H 2 0 suitable for tissue 
culture work. 

2. Add 2000 IU (international units) of bovine insulin. 

3. Filter-sterilize. 

4. Dispense in sterile tubes in 2.0-ml aliquots. Freeze at -20°C. 
OPI is stable at -20°C for 6 months to 1 yr. 
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PREPARING POLYETHYLENE GLYCOL 



1. Melt PEG 1500 in a 50°C water bath. Place a small glass vial on a 
top-loading balance, and add melted PEG. Add either 0.5 gram or 0.3 
gram of PEG, depending on which fusion method will be used (pp. 
211 or 212). Most workers use PEG 1500 for fusions, but others use 
anything from PEG 1000 to PEG 6000 with good results. 

2. Cap the vials and autoclave to sterilize. 

PEG is stable at room temperature for many years. 
NOTE 

i. PEG can also be weighed dry and then autoclaved. 
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SCREENING FOR GOOD BATCHES OF POLYETHYLENE GLYCOL 

Because fusions require so little polyethylene glycol (PEG), good 
batches will last a long time. Because differences in batches normally 
are small, and only the odd batch is unusable, most workers do not 
bother to test different lots of PEG. Bad batches contain trace amounts 
of toxic chemicals. Buy the highest grade of PEG that is available. 

1. Add 100 ^1 of medium with 10% serum to each well of a 96-well 
microtiter dish (one plate per batch of PEG to be tested). 

2. Wash myeloma cells by centrifugation at 400g for 5 min (approxi- 
mately 10 6 cells per assay). Resuspend the cells in medium without 
serum and then respin. 

3. While washing the myeloma cells, melt one vial (0.5 gram) of each 
of the PEG samples to be tested at 50°C (p. 201 for PEG prepara- 
tion). Add 0.5 ml of medium without serum to each vial and place 
in a 37°C water bath. 

4. Resuspend the ceils in medium without serum and aliquot samples 
containing 10 6 cells into fresh centrifuge tubes (one tube per batch 
of PEG). Spin at 800g for 5 min. Carefully remove the supernatant 
from the cell pellet. 

5. Resuspend each cell pellet with the 50% PEG solutions by pipetting. 
Include one control that is resuspended in medium without serum 
or PEG. Incubate at room temperature for 2 min. Add 10 ml of 
medium with 10% FBS. Take 100 jxl of this suspension and dilute 
into a second 10 ml of medium with 10% FBS. Spin the final dilution 
at 400g for 5 min. 

6. Aspirate the supernatant and resuspend the myeloma cells in 1.0 ml 
of medium with serum. Transfer 100 fi\ of the cell suspension into 
each of the eight wells on the left-hand side of the 96-well tissue 
culture dish. Using an eight-well multipipettor do 1 in 2 serial 
dilutions across the plate. Return to the C0 2 incubator. 

7. Check the plates at day 14. Good batches of PEG will only slightly 
inhibit growth and will resemble the no PEG controls. Other batches 
should be discarded* 

NOTE 

i. The American Type Culture Collection (ATCC) and Boehringer Mannheim 
supply high-quality PEG that does not need to be tested prior to use. 
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■ Drug Selections 

Hybridoma cell lines are selected by the addition of drugs that block 
the de novo synthesis of nucleotides (see p. 277 for details of the 
theory of drug selection). The most commonly used agents are amino- 
pterin, methotrexate, and azaserine. All are effective agents to select 
against the growth of the myeloma fusion partner. When using amino- 
pterin or methotrexate, de novo purine and pyrimidine synthesis are 
blocked, whereas azaserine blocks only purine biosynthesis. Con- 
sequently, aminopterin and methotrexate are supplemented with hypo- 
xanthine and thymidine. Azaserine solutions are supplemented with 
hypoxanthine. 
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PREPARING HAT SELECTION MEDIUM' 



Hypoxanthine, aminopterin, and thymidine selection (HAT) medium is 
commonly prepared from two stock solutions, 100 x HT and 100 x A. 

1. To prepare 100 ml of lOOx HT, dissolve 136 mg of hypoxanthine and 
38 mg of thymidine in 100 ml of H 2 0 suitable for tissue culture. 
Heat gently (70°C) if they do not dissolve completely. The lOOx 
stock is 10 mM hypoxanthine and 1.6 mM thymidine. 

2. To prepare 100 ml of 100 x A, add 1.76 mg of aminopterin to 100 ml 
of H 2 0 suitable for tissue culture. Add 0.5 ml of 1 N NaOH to 
dissolve. Titrate with 1 N HC1 to neutral pH, being sure not to 
overshoot to acid pH, as aminopterin is sensitive to acid pH. The 
concentration of the 100 x stock is 0.04 mM aminopterin. 

3. Filter-sterilize the two solutions independently. 

4. Dispense 2.0-ml aliquots in sterile tubes. Store at -20°C. 
Both 100 x HT and 100 x A are stable at -20°C for 1 year. 



'Littlefield (1964). 
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PREPARING HMT SELECTION MEDIUM 



HMT selection medium is commonly prepared from two stock solu- 
tions, 100 x HT and 100 x M. 

1. To prepare 100 ml of 100 x HT, dissolve 136 mg of hypoxanthine and 
38 mg of thymidine in 100 ml of H 2 0 suitable for tissue culture. 
Heat gently (70°C) if they do not dissolve completely. The 100 x 
stock is 10 mM hypoxanthine and 1.6 mM thymidine. 

2. To prepare 100 ml of 100 x M, add 49 mg of methotrexate to 100 ml 
of H 2 0 suitable for tissue culture. Add 0.5 ml of 1 N NaOH to 
dissolve. Titrate with 1 N HC1 to neutral pH. The 100 x stock 
solution is 1 mM methotrexate. 

3. Sterilize the 100x HT and 100 x M solutions by filtration. 

4. Dispense 2.0-ml aliquots in sterile tubes. Store at -20°C. 
Both 100 x HT and 100 x M are stable at -20°C for 1 year. 
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PREPARING AH SELECTION MEDIUM 0 



1. To prepare 100 ml of 100 x AH, add 0.136 gram of hypoxanthine in 
H 2 0 suitable for tissue culture. Heat to 70°C to dissolve, and then 
add 10 mg of azaserine. The 100 x stock is 0.58 mM azaserine and 10 
mM hypoxanthine. lOOx H will be needed for growing hybridoma 
cells while removing the azaserine selection. 100 x H is prepared as 
above, but without the addition of azaserine. 

2. Filter sterilize. 

3. Dispense into sterile tube in 2.0-ml aliquots. Store at -20°C. 
100 x AH is stable when stored at -20°C for 1 year. 



'Foung et al. (1982). 
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■ Final Boost 

Three to five days before the fusion, the immunized mouse is given a 
final boost. This boost should be done at least 3 weeks after the 
previous injection. This interval will allow most of the circulating 
antibodies to be cleared from the blood stream by the mouse. Serum 
titers in the mouse begin dropping about 14 days after an immuniza- 
tion. If the levels of circulating antibodies are high, they will bind to 
the antigen and lower the effective strength of the boost. 

The final boost is used for two purposes: to induce a good, strong 
response and to synchronize the maturation of the response. If this 
synchronization occurs, a large number of antigen-specific lympho- 
cytes will be present in the local lymphoid tissue about 3 or 4 days 
after the boost. This will allow an increase in the relative concen- 
tration of the appropriate B-lymphocyte fusion partners. Consequent- 
ly, the final boost should be directed to the source of the cell collection. 
In most cases, the spleen is the best choice for lymphocyte isolation, 
and, therefore, the final boost should try to localize the response to the 
spleen. This is best achieved by an iv injection done concurrently with 
an ip injection. If your source of antigen is limited, a single iv injection 
should be used. Remember that the antigen solution should be compat- 
ible with an iv boost (no Freund's adjuvant, SDS concentration below 
0.1%, urea below 1 m, etc., see p. 110). If the antigen cannot be injected 
directly into the blood stream, an ip injection should be used, and the 
fusion should be done 5 days after the final boost. 

In some specialized cases, for example foot pad injections or prepar- 
ing IgA monoclonal antibodies, a regional lymph node may be the 
preferred site of lymphocyte collection. In the two examples given, the 
B-cell partners would be prepared from the inguinal node or from the 
Peyers patches, respectively. 

■ Preparing the Parental Cells for Fusions 

Prior to the fusion the myeloma cells that will serve as fusion partners 
must be removed from frozen stocks and grown. The technique below 
is designed to place the cells in the best conditions for the fusion, but 
any tissue culture techniques that keep them healthy and rapidly 
growing are suitable. On the day of the fusion, the antibody-secreting 
cells are isolated from the mouse. Both types of cells can be washed 
together just prior to the fusion (p. 210). 
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PREPARING MYELOMA CELLS FOR FUSIONS 

Myeloma cells should be thawed from liquid nitrogen stocks at least 6 
days prior to the fusion. Longer times may be necessary if the viability 
of frozen stocks is poor. The myeloma cells should be checked routine- 
ly for mycoplasma contamination, particularly if your laboratory or 
your tissue culture facility has a history of mycoplasma problems (p. 
265). Any cells that test positive for mycoplasma should be replaced. 
The myelomas should be growing rapidly and healthy before the 
fusion. One day before the fusion, split the cells into fresh medium 
supplemented with 10% serum at a final concentration of 5 x 10 s 
cells/ ml (see p. 255 for methods for counting cells). On the morning of 
the fusion, dilute 10 ml of the overnight culture with an equal volume 
of medium supplemented with 20% FBS and 2x OPL 

Chapter 7 discusses the growth and maintenance of hybridoma cells 
(p. 245). 




FIGURE 6.9 

Splenectomy of a mouse. 



1 
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PREPARING SPLENOCYTES FOR FUSIONS 



If possible, at the time of the fusion you should collect the blood from 
the immunized animal to use as polyclonal sera specific for your 
immunogen. Collecting sera from laboratory animals is discussed in 
Chapter 5. 

1. Sacrifice the mouse. See your local authorities on animal handling 
for advice on the proper humane procedures. Aseptically remove 
the spleen from an immunized animal (Fig. 6.9) and place in a 
100-mm tissue culture dish containing 10 ml of medium without 
serum (prewarmed to 37°C). Trim off and discard any contaminat- 
ing tissue from the spleen. 

2. Tease apart the spleen using 19-gauge needles on 1.0-ml syringes. 
Continue to tease until most of the cells have been released and the 
spleen has been torn into very fine parts. Disrupt any cell clumps by 
pipetting. Transfer the cells and medium into a sterile centrifuge 
tube. As you transfer the cells, leave behind the larger pieces of 
tissue. 

3. Wash the tissue culture plate and tissue clumps with 10-ml of 
medium without serum (prewarmed to 37°C) and combine with the 
first 10 ml in the tube. 

4. Allow the cell suspension to sit for approximately 2 min. This will 
allow the larger cell clumps to settle to the bottom of the tube. 
Carefully remove the supernatant from the sediment and transfer 
to a fresh centrifuge tube. 

A spleen from an immunized mouse contains approximately 5 x 10 7 
to 2 x 10 8 lymphocytes. 
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■ FUSIONS 

Over the last 10 years a number of variations in fusion techniques 
have evolved. Most are based on the techniques of Galfre et al. (1977) 
or Gefter et al. (1977) and Kennett (1978). Examples of each are given 
below. Normally the fusion technique that is used does not make a 
major difference in the success of the fusion. You should use the 
method that is easiest and most convenient for you. 



COMMENTS ■ Hybridoma Production 

• Fusions are easy. If the immunization and the development of the screen have 
gone well, doing multiple fusions may be very helpful. 

• If the drug selection you have chosen to use depends on thymidine in the culture 
media, mycoplasma contamination will doom the fusion. Mycoplasma are extreme- 
ly efficient in converting thymidine to thymine (see p. 265 for methods of 
detecting mycoplasma). 

• If the antigen is particularly valuable, it may be prudent to perform a practice 
fusion prior to using your reagents. 
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FUSION BY STIRRING (50% PEG)* 



1. Wash the splenocytes twice by centrifugation at 400g in medium 
without serum (prewarmed to 37°C). At the second wash also spin 20 
ml of the myeloma cells in a separate centrifuge tube. The myeloma 
cells should also be washed in medium without serum; they get one 
wash versus the two for the splenocytes. During these washes, melt 
a vial with 0.5 gram of PEG (p. 201) in a 50°C water bath. Add 0.5 ml 
of medium without serum and transfer the vial to a 37°C water bath. 

2. After the final washes resuspend the two cell pellets in medium 
without serum (prewarmed to 37°C) and combine the cell suspen- 
sions. Centrifuge these cells together at 800g for 5 min. Carefully 
remove the medium as completely as possible. 

3. Remove the 50% PEG solution from its container with a Pasteur 
pipet and slowly add the PEG to the ceil pellet while resuspending 
the cells by stirring with the end of the pipet. Add the PEG slowly 
over 1 min. Continue stirring for an additional minute. Fill a 10-ml 
pipet with 10 ml of medium without serum (prewarmed to 37°C). 
Add 1.0 ml to the cell suspension over the next minute, while 
continuing to stir with the end of the 10-ml pipet. Then add the 
remaining 9.0 ml over the next 2 min with stirring. Centrifuge the 
cells at 400g for 5 min. 

4. Remove the supernatant and resuspend the cells in 10 ml of medium 
supplemented with 20% prescreened fetal bovine serum (pre- 
warmed to 37°C), lx OPI, and lx AH. Transfer the cells to 200 ml of 
medium with 20% prescreened fetal bovine serum (prewarmed to 
37°C), lx OPI, and lx AH. 

5. Dispense 100 /xl of cells into the wells of 20 96-well microtiter plates 
using a multiple pipettor (a 96-well pipettor is easiest). Place at 37°C 
in a C0 2 incubator. 

6. Clones should be visible by microscopy at about day 4 and by eye 
starting at about day 7 or 8. 

NOTES 

i. Other strategies can be employed for the number of wells into which the 
fusion is plated. These are discussed on p. 212. The one in the protocol 
above will yield approximately 2000 wells. 

ii. Other drug selection methods can be used to select against the growth of 
the myeloma cells. These are described on p. 203. AH selection medium 
has only minor advantages over the other drug selections, but in general 
the hybridoma clones will appear more quickly in this medium. HAT 
selection is the most widely used. 

'Galfre et al. (1977). 
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FUSION BY SPINNING (30% PEG}* 



1. Melt a vial of 0.3 gram of PEG in a 50°C water bath. Add 0.7 ml of 
medium without serum and transfer to a 37°C water bath. 

2. Centrifuge the spleen cells from the immunized animal at 400g for 5 
min. At the same time centrifuge 20 ml of the myeloma cells. 
Resuspend both cell pellets in 5 ml of medium without serum. 

3. Combine the two cell suspensions and transfer to a 15-mi round- 
bottomed centrifuge tube. Centrifuge for 5 min at 400g. Carefully 
remove all medium. 

4. Add 0.2 ml of PEG solution. Suspend the cells by lightly tapping the 
tube. 

5. Centrifuge for 5 min at 400g. Add 5 ml of medium without serum to 
disperse the pellet. Flick the tube, if necessary, to resuspend the 
cells. Do not pipet the cells. Then add 5 ml of medium with 20% 
fetal bovine serum (prescreened to support hybridoma growth, p. 
198). 

6. Centrifuge for 5 min at 400g. Remove the supernatant and re- 
suspend the cells in 10 ml of medium supplemented with 20% 
prescreened fetal bovine serum, lx OPI, and lx AH. Add the cells 
to 200 ml of medium supplemented with 20% prescreened fetal 
bovine serum, 1 x OPI, and 1 x AH. 

•Adapted from Gefter et al. (1977); Kennett (1978). 
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7. Dispense 100 fil of cells into the wells of 20 96-well microtiter plate 
using a multiple pipettor (a 96-well pipettor is easiest). Place at 37°C 
in a C0 2 incubator. 

8. Clones should be visible by microscopy at about day 4 and by eye 
starting at about day 7 or 8. 



i. Other strategies can be employed for the number of wells into which the 
fusion is plated. These are discussed on p. 212. The one in the protocol 
above will yield approximately 2000 wells. 

ii. Other drug selection methods can be used to select against the growth of 
the myeloma cells. These are described on p. 203. AH selection medium 
has only minor advantages over the other drug selections, but in general 
the hybridoma cells will appear more quickly in this medium. HAT 
selection is the most widely used. 
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■ Feeding Hybrldomas 

Two strategies are used in deciding whether to feed hybridomas prior 
to screening. Early protocols suggested the removal of medium and 
then addition of fresh medium. This approach has not proven to be of 
much advantage, but does lead to more work. The addition of fresh 
medium to the hybridoma cultures at about day 4 or 5 after the fusion 
improves the general health of the cultures and will keep them rapidly 
growing throughout the screening procedure. Some workers prefer not 
to feed the cultures, allowing any poorly growing clones to die and 
then to concentrate on the hardiest of the clones that grow up. Feeding 
is done by adding 100 ^1 of fresh medium supplemented with 20% fetal 
bovine serum, lx OPI, and lx AH. 
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£ Screening 

Wells containing hybridomas are ready to start screening approxi- 
mately 7-14 days after fusions (about day 7 for AH selection and days 
10-14 for others). Representative wells at different times after fusion 
are shown in Figure 6.10. For most assays, clones that are just visible 
by eye are about the right stage for screening. 

Some examples of appropriate screening methods are discussed on 
pp. 175-195. Other methods based on any of the techniques in Chapters 
10-14 can be used as well. 

1. When the clone or clones in a well are ready to screen, mark the 
wells with some convenient numbering system. Aseptically remove 
about 50 fil of tissue culture supernatant. This can be done conve- 
niently either by using a pipettor or by removing the approximate 
amount with a Pasteur pipet The supernatants are removed from 
the top of the medium without disturbing the hybridomas on the 
bottom. After removing the supernatant refeed the well with fresh 
medium. 

2. Transfer the supernatant to a suitable container. If all the superna- 
tant will be used in the screening assay, the hybridoma tissue 
culture medium can be transferred directly to the assay. However, 
it is normally more convenient to transfer the supernatants to a 
microtiter tray. Mark the tray to correspond to the original well 
number. 

3. For most antigens, the supernatants are ready for testing without 
any special treatments. In some instances lower backgrounds can 
be achieved by removing any cells in the supernatants by centrifu- 
gation before testing. 

Any remaining supernatant should be stored at -20°C. This can be 
used for confirmations, further testing, or identifying individual 
wells from pooled samples. 

NOTE 

i. Although splenocytes do not grow in standard tissue culture medium, they 
do not die immediately and will continue to secrete antibodies. This may 
lead to detecting false-positive wells in early screens. All positive cells 
should be rescreened prior to freezing or single-cell cloning. 
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DAY 1 



-DAY 3 



-DAY 5 



-DAY 7 



COULD SCREEN 



FIGURE 6.10 

Representative wells at various days after fusion. 



-DAY 9 




MUST SCREEN 




lubrescence 
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■ Expanding and Freezing Positive Clones 

After a positive well has been identified, the cells are transferred from 
the culture in the 96-well plate to 0.5 ml of medium supplemented with 
20% fetal bovine serum, lx OPI, and Ix AH in a 24-well plate. After 
the 24-well culture becomes dense, it is transferred into 5.0 ml in a 
60-mm dish and then to 10 ml in a 100-mm dish. Once the cells are 
transferred into the 60-mm dish, the drug selection can begin to be 
removed. This is done by first growing the cells for several passages in 
complete medium with hypoxanthine but lacking azaserine, or in 
complete medium with hypoxanthine and thymidine but lacking amino- 
pterin or methotrexate. In either case, growing the cells with the base 
but without the drug allows all of the inhibitors to be diluted to a safe 
level before removing the bases. 

At the 100-mm dish stage, the cells should be frozen. This is a 
convenient stage to collect 10 ml of supernatant, if any further testing 
of hybridomas needs to be done before concentrating on particular 
clones. However, if the correct clones have already been identified, the 
cells should be single-cell cloned as early as possible. This can be 
begun as early as at the 60-mm dish stage. Techniques for the freezing 
and storage of hybridoma cell lines are described on p. 257. 

Often the transfer of hybridomas from one size of culture dish to the 
next is a difficult step to maintain cell viability. Presumably this is 
caused by the dilution of the growth factors in the medium and may be 
caused in part by overgrowth in the previous stage. If these problems 
exist, try using feeder cultures at these stages (see pp. 220-221 for the 
preparation of feeder cultures). Also, adding a sample of the diluted 
culture back into the original well will serve as a good backup if any 
problems arise. 



COMMENTS ■ More Fusions? 



After the screen has been completed, the decision on the appropriate next steps will 
depend on the number of positives that have been identified. If no positives are 
tound, and the immunization yielded a strong response, the fusion should be 
repeated, but the choice of screening method should be reevaluated. If the immune 
response was weak, new approaches to the immunization should be tried If only a 
few positive clones were identified, these should be tested as early as possible to 
determine whether they will perform adequately in the appropriate assays If a 
comprehensive set of immunochemical reagents are needed, additional fusions are 
likely to be needed. If the fusion has been very successful (greater than 50 
positives), it is seldom worthwhile and often practically impossible to carry and 
maintain all the clones. In these situations many of clones are likely to result from 
fusion of sibling antibody-secreting cells and therefore will not generate new 
antibody activities. Some sort of secondary screen should be considered to identify 
particularly valuable clones. This might be based on affinity or perhaps subclass of 
the resultant antibodies. 
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■ Single-cell Cloning 

After a positive tissue culture supernatant has been identified, the next 
step is to clone the antibody-producing cell. The original positive well 
will often contain more than one clone of hybridoma cells, and many 
hybrid cells have an unstable assortment of chromosomes. Both of 
these problems may lead to the desired cells being outgrown by cells 
that are not producing the antibody of interest. Single-cell cloning 
ensures that cells that produce the antibody of interest are truly 
monoclonal and that the secretion of this antibody can be stably 
maintained. 

Isolating a stable clone of hybridoma cells that all secrete the 
correct antibody is the most time-consuming step in the production of 
hybridomas. Depending on the chances of the original positive being 
derived from a single cell, the easiest and quickest methods to prepare 
single-cell clones will differ. If the positive well contains multiple 
clones or if secretion of the antibody is highly unstable, the cloning 
should be done in two or more stages. In the first cloning, you should 
try to identify a positive well with only a few clones, and then try to 
isolate a single-cell clone from this stage. This often can be achieved 
by a combination of different cloning methods. For example, quick 
cloning by limiting dilution could be followed by cloning with a single 
cell pick. 

Because hybridoma cells have a very low plating efficiency, single- 
cell cloning is normally done in the presence of feeder cells or 
conditioned medium. Good feeder cells should secrete the appropriate 
growth factors and should have properties that allow them to be 
selected against during the future growth of the hybridomas. Feeder 
cell cultures are normally prepared from splenocytes, macrophages, 
thymocytes, or fibroblasts. 



To ensure that a hybridoma is stable and single-cell cloned, continue 
repeating the cloning until every well tested is positive. 
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PREPARING SPLENOCYTE FEEDER CELL CULTURES 



Although splenocyte feeders can be used immediately, they are most 
effective when they are prepared approximately 1 day before the 
single-ceil cloning. Because spleen cells do not grow in normal tissue 
culture conditions, they are lost during the subsequent expansion of 
the hybridoma cells. Use a female mouse of the same genetic back- 
ground as your hybridoma. 

1. Sacrifice the mouse. See your local authorities on animal handling 
for advice on the proper humane procedures. Remove the spleen 
aseptically from the mouse and place in a 100-mm tissue culture 
dish containing 5 ml of medium without serum (see p. 209). Trim off 
and discard any contaminating tissue from the spleen. 

2. Tease apart the spleen using 19-gauge needles on 1.0-ml syringes. 
Continue to tease until most of the cells have been released and the 
spleen has been torn into very fine parts. Disrupt any cell clumps by 
pipetting. Transfer the cells and medium into a conical centrifuge 
tube leaving behind all of the larger pieces of tissue. Wash these 
clumps and the plate with an additional 5 mi of medium without 
serum and combine with the first 5 ml. 

3. Allow the cell suspension to sit at room temperature for approxi- 
mately 2 min. This will allow the larger cell clumps to settle to the 
bottom of the tube. Carefully remove the medium and cells avoiding 
the sediment, and transfer to 100 ml of medium with 10% fetal 
bovine serum prescreened to support hybridoma growth (1 spleen 
per 100 ml is about 10 8 cells/ 100 ml or 10 6 /ml). Either use directly 
or prepare conditioned medium. 

4. Either: To use directly for 96-well cloning (pp. 222-224), plate 50 M l 
of the spleen cell solution into each of the wells of a 96-well tissue 
culture dish. Allow to grow for 24 hr at 37°C. 

Or: To use directly for soft-agar cloning (p. 226), the medium with 
the feeder cells is used to dilute the hybridoma cell suspension 
prior to mixing with the soft-agar. 

Or: To prepare conditioned medium, transfer the splenocyte cell 
suspension to several tissue culture dishes. Place at 37°C in a C0 2 
incubator for 3 days. Collect the cell suspension and remove the 
cells by centrifugation at 400g for 10 min. Filter sterilize and 
dispense in convenient sizes. Freeze at -70°C. Use the conditioned 
medium mixed 1:1 with medium supplemented with 20% FBS and 
2x OPI. 

NOTE 

i. To avoid any possible problems with a particular spleen feeder culture, it 
may be best to combine several batches. 
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PREPARING FIBROBLAST FEEDER CELL CULTURES 



Certain fibroblast cultures secrete the necessary factors to allow the 
growth of hybridoma cells at low plating densities. Early studies used 
fibroblast cultures that had been treated with mitomycin C or lethal 
doses of irradiation. Both of these treatments made it impossible for 
the feeder cells to contaminate future cultures of the hybridomas. 
More recently, this has been shown not to be necessary for fibroblast 
cultures that adhere strongly to the plastic tissue culture surface. 
Other studies have compared the ability of different fibroblast cells to 
support single-cell cultures of hyridoma cells and have found that the 
human diploid cells MRC 5 are the most effective in this test. These 
cells are not an established cell line, and so will need to be replaced in 
the future by another source. The MRC 5 cells are currently available 
from several sources including the American Type Culture Collection. 

1. The MRC 5 cells are grown and maintained in Ham's F12 medium 
supplemented with 10% fetal bovine serum. They should be used at 
passages below 40. 

2. Trypsinize the cells and count. Prepare a solution of 2 x 10 s cells /ml 
of medium with 10% fetal bovine serum prescreened to support 
hybridoma growth. 

3. For cloning using 96-well tissue culture dishes (pp. 222-224), add 50 
fi\ of the cell suspension to the wells. Allow the cultures to grow for 
1 day at 37°C. 

Or: For soft-agar cloning using 60- or 100-mm tissue culture dishes 
(p. 226), add 10 ml of the cell suspension to a 100-mm dish or 3 ml to 
a 60-mm dish. Allow the cells to adhere to the plastic overnight at 
37°C. Remove the medium and add the soft agar hybridoma cell 
suspension to the plate. 



222 



CHAPTER 6 



SINGLE-CELL CLONING BY LIMITING DILUTION 

Cloning hybridoma cells by limiting dilution is the easiest of the 
single-cell cloning techniques. Two approaches are given below, one 
rapid technique for generating cultures that are close to being single- 
cell cloned and one for single-cell cloning directly. 

Even though every attempt is made to ensure that the cells are in a 
single-cell suspension prior to plating, there is no way to guarantee 
that the colonies do not arise from two cells that were stuck together. 
Therefore, limiting dilution cloning should be done at least twice to 
generate a clonal population. 



Limiting Dilution (Rapid) 

1. Using a multiwell pipettor (8-, 12-, or 96-well), add 50 fi\ of medium 
with 20% FBS and 2x OPI to each well of a 96-well plate. The wells 
should already contain 50 M l of feeder cells (pp. 220 or 221) giving 
100 fxl total volume /well. 



2. The hybridomas should be growing rapidly. Remove 100 fx\ of the 
hybridoma cell suspension using a pipetman and transfer to the top 
left-hand well. Mix by pipetting. 

3. Do 1 in 2 doubling dilutions down the left-hand row of the plate (8 
wells, 7 dilution steps). Discard tip. 

4. Do 1 in 2 doubling dilutions across the plate using an 8-well multi- 
pipetter. 

5. Clones should be visible by microscopy after a few days and 
normally will be ready to screen after 7-10 days. Score the wells by 
microscopy. There should be a line running on a 45° diagonal that 
contains approximately the same number of clones per well. If the 

cells are nearly cloned when you start, screen only wells with one or I 
two clones. If not, screen a selection of wells with multiple clones as * 
well as all those with only one clone. 

i 

6. Select the best wells and either grow up or repeat the cloning 
procedure directly. 
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Limiting Dilution (Slow) 

1. The hybridomas should be healthy and rapidly growing at the time 
of cloning. Prepare four dilution tubes with medium supplemented 
with 20% fetal bovine serum and 2x OPI for each cell to be cloned. 
Three tubes should have 2.7 ml and the fourth should have 3.0 ml. 

2. Add 10 til of the hybridoma cells to the tube containing the 3.0 ml of 
medium. Do 1 in 10 dilutions of the hybridomas by removing 0.3 ml 
and transferring into the 2.7-ml tubes. 

3. Add 100 of each dilution into 24 of the wells of a 96-well tissue 
culture plate (24 wells /dilution; 4 dilutions /plate, i.e., one hy- 
bridoma/plate). The wells should already contain 50 fxl of feeder 
cells (pp. 220 or 221), giving 150 /xl total volume/ well. If the cells 
from the highest dilution are plated first, then the pipet does not 
need to be changed during the plating. 

If many hybridomas are being cloned at the same time, it may be 
worthwhile to plate the dilutions by using a 10-ml or larger pipet. 
One drop from these pipets will deliver approximately 100 fxl 

4. Clones will begin to appear in 4 days and should be ready to screen 
starting about days 7-10. 

Screens can be done from wells containing multiple clones as well 
as from wells containing only single clones. 
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SINGLE-CELL CLONING BY PICKS* 



Cloning hybridomas by picking a single cell from a growing culture is 
the only cloning method that ensures that clones arise from a single 
cell. During the cloning procedure, the cell is followed under the 
microscope to be certain that the clone comes from only one cell. 

1. Add approximately 100 fx\ of medium with 20% FBS and 2x OPI to 
the wells of a 96-well plate (approximately 20 wells/hybrid). The 
wells should already contain 50 fi\ of feeder cells (pp. 220 or 221) 
giving 150 id total volume/well. 

2. At the time of the cloning all cells should be growing rapidly. Do 
serial 1 in 5 dilutions of the hybridoma cells in 60-mm dishes. Use 
about 0.3 ml into 1.2 ml; this will allow enough volume to cover the 
bottom of the plate, but not so deep as to make the pipetting 
difficult. Observe the cells under the microscope and choose a plate 
with well-separated cells. 

3. Use a drawn out 50-^1 capillary pipet connected to a mouth pipet- 
ting device with a 0.2-^m filter fitted in the line. Partially fill the 
pipet with complete medium from a separate plate without cells. 
While watching under the microscope, draw a single cell into the 
pipet. Move to an area of the plate without any cells and blow out 
the cell to make sure you have only one cell. Draw it up again and 
transfer to one of the wells with feeders. With practice, single-cell 
picks take about 1 min. 

4. The clones should be ready to screen in 7-10 days. 



•J. Wyke (pers. comm.). 
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NOTE 

i. Because this technique demands working under the microscope on the open 
bench, one might expect contamination to be common. However, the only 
portion of the tissue culture medium that is exposed to the open air for long 
is the dish that you are picking from and you only transfer a very small 
volume at one time. So the chances of contamination are low. Needless to 
say, this technique should only be done in an area without drafts. 
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SINGLE-CELL CLONING BY GROWTH IN SOFT AGAR 

Cloning of hybridoma cells in semisolid medium is one of the most 
commonly used methods for producing single-cell clones. The tech- 
nique is easy, but, because it is performed in two stages, it does take 
longer than other methods. Not all cells will grow in soft agar, and 
there may be a bias on the type of colony that appears. However, most 
of the commonly used myeloma fusion partners have relatively good 
cloning efficiencies in soft agar, and consequently, so do most hy- 
bridomas. 

Even though every attempt is made to ensure that the cells are in a 
single-cell suspension prior to plating, there is no way to guarantee 
that the colonies do not arise from two cells that were stuck together. 
Therefore, single-cell cloning in soft agar should be repeated at least 
twice before the cells are considered clonal. 

1. Prior to cloning prepare 3% agarose (Seaprep 15/45, FML Corpora- 
tion or equivalent) in H 2 0 suitable for tissue culture. Sterilize by 
autoclaving. This is stable for 6 months to 1 year. 

Prepare double-strength medium, normally from powdered 
medium. Add 100 fig/ml of gentamicin, and sterilize by filtration. 
Store at 4°C. Stable for about 1 month at 4°C, but at that time if fresh 
glutamine is added to 2 mM the shelf life can be extended to 3 
months. 

2. Melt agarose in a boiling water bath or in a microwave oven and 
cool to 37°C. 

3. To the 2x medium add fetal bovine serum to 20% and OPI to 2x. 
Warm to 37°C in a water bath. 

4. Cells should be healthy and growing rapidly at the time of cloning. 
The cells should be as free of clumps as possible. Do 1 in 10 
dilutions of hybridomas in 1 x medium. If not using feeders, the 1 x 
medium is prepared by diluting a sample of the complete 2x 
medium with sterile H 2 0. If using feeders that grow in suspension, 
the medium used for these dilutions should be the cell suspension 
from the feeder cell preparation (p. 220). If using fibroblast feeders 
(p. 221), these cells should be plated on the tissue culture dishes to 
be used for the cloning 24 hr earlier, and the 1 x medium should be 
prepared by diluting the 2x complete medium. 

5. Add 150 Ad of cells from the dilutions between 10 s and 10 2 cells/ml 
to 60-mm tissue culture plates (2 plates/dilution). Do not bother to 
count cells. If you are uncertain about the exact concentration of 
cells, it is easier to do an extra dilution than to count the cells. 
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6. Mix the 3% agarose and the 2x medium 1 : 1. Add 4 ml to each plate, 
and mix by pipetting. 

7. Place the plates at 4°C for 45 min and then transfer to 37°C in a C0 2 
incubator. 

8. Macroscopic clones will appear beginning about day 10. Pick clones 
from the highest dilution that shows growth. Remove a plug of 
agarose containing the colony with a sterile Pasteur pipet. Transfer 
the plug to 1 ml of medium in a 24-well plate. Disperse the clone by 
pipetting. 

9. Supernatants from these wells will normally be ready for screening 
48-72 hr later. 

NOTE 

i. As an alternative, the cells may be grown in the dilution tubes themselves 
(Civin and Banquerigo 1983). Add 2 ml of the 1.5% agarose/ medium 
solution to each tube and grow as described above. 
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■ Unstable Lines 

If hybridomas continue to produce less than 100% positive wells, even 
after four or more single-cell cloning steps, the lines probably have an 
unstable assortment of chromosomes. If the antibodies produced by 
these cells are particularly valuable, extra work to save these lines 
may be necessary. Two strategies are used. In the first and most 
straightforward, the single-cell cloning is continued on a regular basis, 
trying to isolate a stable subclone. Perhaps surprisingly, this often 
works. The screening assays should be adjusted to screen not only for 
the presence of the appropriate antibody, but also for the levels of 
antibody produced. Wells that contain a stable subclone of the original 
should produce higher levels of antibodies. If the stable variant is 
generated early in the proliferation within a well, the differences in 
antibody production between the well containing the variant and those 
that do not will be significant. At this stage many workers stop 
screening with an antigen-specific assay and only screen for the level 
of mouse antibody produced (see p. 560 for examples). After a stable 
line is generated, the specificity of the antibody should be reestab- 
lished. 

A second strategy is to refuse the important line with a myeloma and 
allow the chromosomes to reassort from the beginning, hoping to 
isolate the stable variant from this source. To date, most re-fusions 
have been done by standard techniques and extensive screening. 
However, the introduction of a selectable drug selection marker into a 
suitable myeloma cell line should make selection against the parental 
myelomas easier. The hybridoma would carry a functional HPRT gene, 
while the myeloma would carry, for example, a neomycin gene. Selec- 
tion for both genes should yield only successful secondary hy- 
bridomas. 

■ Contamination 

During the early stages of the fusion, contamination will mean the loss 
of the well or the fusion; however in later stages, important hybrid- 
omas can sometimes be saved. 
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CONTAMINATION IN THE FUSION WELLS— 
A FEW WELLS ONLY 



1. Contaminated wells can be identified by their unusual pH or turbidi- 
ty. Confirm the presence of the contaminating organisms by observ- 
ing under the microscope. Mark the wells. 

2. Move to the tissue culture hood and carefully remove the lid. If the 
underside of the lid is damp, replace with a new lid. Dry the top and 
edges of the plate itself by aspiration before replacing. If there is 
contaminated medium on the lid, autoclave the whole plate without 
any further work. 

3. Remove the medium from the contaminated well by aspiration. Try 
to avoid generating any aerosols. Add enough 10% bleach to the 
well to bring the level right to the rim. Allow it to sit for 2 min at 
room temperature. 

4. Remove the bleach from the contaminated well by aspiration. Add 
enough ethanol to the well to bring the level right to the rim. 
Remove by aspiration and repeat. 

5. Dry the well by aspiration. 
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CONTAMINATION IN THE FUSION WELLS— GROSS 



1. Autoclave the plates. 



CONTAMINATION OF A CLONED LINE 



1. If the line has been frozen, it is easiest to go back to the most recent 
freeze down and thaw a fresh vial of the cells. 

2. If the line has not been frozen, inject the cells into mice that have 
been primed for ascites production (p. 274). The animals must be of 
a compatible genetic background to your hybrids (e.g., BALB/c 
xBALB/c into BALB/c or BALB/c x C57B1/B6 into BALB/c 
XC57B1/B6 F,). If no mice have been primed with 0.5 mi of 
pristane the required 1 week in advance, inject 0.5 ml of Freund's 
adjuvant into the peritoneum. Wait 4 hr to 1 day and inject the 
hybridomas. Inject at least two mice for each contaminated culture. 

3. When and if ascites develop, tap the fluid and transfer into a sterile 
centrifuge tube (see p. 274 for more information on ascites pro- 
duction). 

4. Spin the ascites at 400g for 5 min at room temperature. 

5. Remove the supernatant. Resuspend the cell pellet in 10 ml of 
medium supplemented with 10% fetal bovine serum and transfer to 
a tissue culture plate. The supernatant can be checked for produc- 
tion of the appropriate antibody. If positive, save for use. 

6. Handle as for normal hybridomas, except keep the cells separate 
from the other cultures until there is little chance of the contamina- 
tion reappearing. 

The success rate may be as high as 80%. 
NOTE 

i. Animals injected with infected cultures should be kept isolated from the 
main animal colony. 
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■ Classing and Subclassing of Monoclonal Antibodies 

Many techniques for using monoclonal antibodies require antibodies 
with specific properties. One set of these properties is unique to the 
individual antibody itself and includes such variables as specificity and 
affinity for the antigen. These properties all depend on differences in 
the antigen-combining domain of the antibody and can be assayed by 
comparing the properties of the monoclonal antibodies in tests that 
measure antigen binding activity. 

A second set of important properties for monoclonal antibodies is 
determined by the structure of the remainder of the antibody, se- 
quences encoded by the antibody common regions. These properties 
include the class or subclass of the heavy chain or the light chain. The 
different classes or subclasses will determine the affinity for im- 
portant secondary reagents such as protein A (see p. 616). The type of 
heavy and light chain can be distinguished by simple immunochemical 
assays that measure the presence of the individual light- and heavy- 
chain polypeptides. This is normally achieved by raising antibodies 
specific for the different mouse heavy- and light-chain polypeptides (p. 
622). The production of these antibodies is possible because the light- 
and heavy-chain polypeptides from different species are sufficiently 
different to allow them to be recognized as foreign antigens. Most 
often these anti-mouse immunoglobulin antibodies are raised in rab- 
bits as polyclonal sera, and then the antibodies specific for a particular 
heavy or light chain are purified on immunoaffinity and immuno- 
depietion columns. Although these chain-specific rabbit anti-mouse 
immunoglobulin antibodies can be made in the laboratory, it is normal- 
ly easier to purchase them from commercial sources. There are a 
large number of different assays used, and some of the more common 
are listed below. 
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DETERMINING THE CLASS AND SUBCLASS OF A 
MONOCLONAL ANTIBODY BY OUCHTERLONY 
DOUBLE-DIFFUSION ASSAYS* 



Originally, the Ouchterlony double-diffusion assays were the most 
common method for determining class and subclass of a monoclonal 
antibody. They have been largely superseded by other techniques, but 
they still are useful, particularly when only a few assays will be 
performed. In these assays, samples of tissue culture supernatants 
(often concentrated tenfold) are pipetted into a well in a bed of agar. 
Class- and subclass-specific antisera are placed in other wells at equal 
distance from the test antibody. The two groups of antibodies diffuse 
into the agar. As they meet, immune complexes form, yielding increas- 
ing larger complexes as more antibodies combine. When large mul- 
timeric complexes form, the immune complexes will precipitate, form- 
ing a line of proteins that is either visible to the naked eye or that can 
be stained to increase the sensitivity. The precipitated proteins form 
what is referred to as a precipitin line. 

1. Prepare a 10-ml sample of tissue culture supernatant from a 
hybridoma. Grow the cells in medium supplemented with 10% FBS 
and allow the culture to overgrow and die. 

2. Spin the tissue culture supernatant at lOOOg for 10 min. Collect the 
supernatant. If the supernatant is not clear of all debris, either 
filter it through a 0.45-/um filter (sterility is not important) or spin 
at 7000g for 15 min. 

3. Concentrate the supernatant 10-fold using an ultrafiltration man- 
ifold. This is most easily done with adaptors that are designed to 
concentrate in the centrifuge. Many of the ultrafiltration specialty 
companies now supply these devices; follow the manufacturers* 
instructions. Remove the tissue culture supernatant when the 10 
ml sample has been reduced to 1 ml. 

Tissue culture supernatants may also be concentrated by am- 
monium sulfate precipitation (p. 298). 

4. Prepare a 1.4% agarose solution in PBS with 5 mM EDTA. Melt the 
agarose in a boiling water bath or in a microwave. Cool to 45°C. 

Ouchterlony plates can also be purchased commercially. 

5. On a level surface pipet 3 ml of the agarose solution onto the top of 
a 3 x 5-cm clean glass slide. The agarose should form a layer about 
2 mM deep. The surface tension of the agarose should hold the 
agarose on the slide. Allow to harden at room temperature. 

•Ouchterlony (1949). 
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6. Using a 200-^1 capillary pipet or a commercial apparatus, careful- 
ly core vertical small holes in the agarose in a pattern that looks 
like this: 
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Anti-a 


Anti 7 1 


O 


O 




O Test antibody 


O 
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Anti- 7 3 


Anti->2a 




O 




Anti- 7 2b 



For example, an IgG, 

O 

o o 

o . 

o o 
o 



If the capillary pipet is attached to a pipetting device, a light 
suction while preparing the wells will allow the plugs to be with- 
drawn easily. 

7. Add 5 fxl of rabbit anti-mouse immunoglobulin sera specific for the 
various classes, subclasses, or light chains to each of the wells in 
the outer ring. 

8. Add 5 /il of the concentrated tissue culture supernatant to the 
middle well. 

9. Incubate in a humid atmosphere overnight at room temperature. 

10. Score positive reactions by the appearance of a precipitin line 
between the wells with reactive antibodies. 



NOTE 

i. The sensitivity of these assays can be increased by staining the bands with 
Coomassie brilliant blue. Cover the gel with wet filter paper and place in a 
50°C oven. Incubate until dry. Wet the paper and remove from the gel. Wash 
for 30 min in several changes of PBS. Repeat the drying procedure. Stain 
with Coomassie for 15 min (p. 649). Destain in 7% acetic acid, 25% 
methanol. 
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CHAPTER 6 



DETERMINING THE CLASS AND SUBCLASS OF MONOCLONAL 
ANTIBODIES USING ANTIBODY CAPTURE ON 
ANTIGEN-COATED PLATES 



Any of the assays used to screen hybridoma fusions that detect 
antibodies with a secondary anti-mouse immunoglobulin antibody can 
be adapted to screen for class or subclass. For example, if the detec- 
tion method used 125 I-labeled rabbit anti-mouse immunoglobulin to 
locate antibodies bound to the antigen, then substituting anti-class or 
subclass-specific antibodies for the 125 I-reagent will identify the type 
of heavy chains. An example of these types of reactions is given below 
using an antigen bound to 96-well PVC plates, but similar tests could 
be developed for any of the antibody capture assays. 

1. Prepare a solution of approximately 2 Atg/ml of the antigen in 10 
mM sodium phosphate (pH 7.0). Higher concentrations will speed 
the binding of antigen to the PVC, but the capacity of the plastic is 
only about 300 ng/cm 2 , so the extra protein will not bind to the 
PVC. However, if higher concentrations are used, the protein 
solution can be saved and used again. Many workers prefer to use 
50 mM carbonate buffer (pH 9.0) in place of the phosphate buffer. 

2. Add 50 /xl of antigen to each well. Incubate at room temperature 
for 2 hr or overnight at 4°C 

3. Remove the contents of the well. If the solution will not be saved, it 
can be removed by aspiration or by flicking the liquid into' a 
suitable waste container. 

4. Wash the plate twice with PBS. A 500-ml squirt bottle is con- 
venient. 

5. Fill the wells with 3% BSA/PBS (no sodium azide). Incubate for at 
least 2 hr at room temperature. 

6. Wash the plate twice with PBS. 

7. Add 50 fil of each tissue culture supernatant to be tested to every 
well of a vertical row (8 wells/test). Incubate 1 hr at room tem- 
perature. 



8. Wash the plate twice with PBS. 
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9. Add 50 pi of 3% BSA/PBS (without sodium azide) containing a 
dilution of horseradish peroxidase-labeled rabbit anti-mouse im- 
munoglobulin class- or subclass-specific antibody to each well as 
shown below: 





TEST ANTIBODIES 

12 3 4 
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OOOO 



Incubate 1 hr at room temperature. (Horseradish peroxidase- 
labeled reagents can be purchased or prepared as described on p. 
344. Most commercial reagents should be diluted 1 in 1000 to 1 in 
5000. Try several dilutions in preliminary tests and choose the 
best.) 

10. Wash the plate with PBS three times. 

11. During the final washes prepare the TMB substrate solution. Dis- 
solve 0.1 mg of 3',3',5',5'-tetramethylbenzidine (TMB) in 0.1 ml of 
dimethylsulfoxide. Add 9.9 ml of 0.1 M sodium acetate (pH 6.0). 
Filter through Whatman No. 1 or equivalent. Add hydrogen perox- 
ide to a final concentration of 0.01%. This is sufficient for two 
96-well plates. (Hydrogen peroxide is normally supplied as a 30% 
solution. After opening, it should be stored at 4°C, where it is stable 
for 1 month.) 

12. After the final wash in PBS, add 50 ^1 of the substrate solution to 
each microtiter well. 

13. Incubate for 10-30 min at room temperature. Positives appear pale 
blue. 

14. Add 50 Ad of stop solution, 1 M H 2 S0 4 , to every well. Positives now 
appear bright yellow. To quantitate the binding, read the results at 
450 nm. 

NOTE 

i. Do not include sodium azide in solutions when horseradish peroxidase is 
used for detection. 
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DETERMINING THE CLASS AND SUBCLASS OF 

MONOCLONAL ANTIBODIES USING ANTIBODY ~ 
CAPTURE ON ANTI-lg ANTIBODIES 

One of the easiest methods for determining the class and subclass of a 
monoclonal antibody is to bind class- or subclass-specific antibodies to 
the wells of a polyvinylchloride (PVC) plate. The test monoclonal 
antibody is added to each well, but will bind only to wells coated with 
antibodies that are specific for its subclass or class. These bound 
antibodies are detected using a secondary antibody specific for all 
mouse antibodies. 

1. Purify the antibodies from rabbit anti-mouse immunoglobulin 
class- or subclass-specific antibodies. Techniques for these purifi- 
cations are discussed in Chapter 8. For most purposes, protein A 
beads are probably the easiest to use. (Rabbit anti-mouse immuno- 
globulin class- and subclass-specific sera can be purchased from 
several suppliers.) 

2. After purification dilute the antibodies to 20 fig/ml in PBS. Add 50 
/xl to the wells of a PVC plate in the pattern below. Each monoclo- 
nal antibody being tested will need one row. 
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3. Incubate for 2 hr to overnight at room temperature in a humid 
atmostphere. 

4. Remove the antibodies and save for future use. The antibodies can 
be reused approximately five times. 



5. Fill the wells with 3% BSA/PBS with 0.02% sodium azide. Incubate 
for 2 hr or overnight at room temperature. 
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6. Wash three times with PBS. Add 50 fi\ of tissue culture superna- 
tant from each hybridoma to the appropriate wells. 

7. Incubate at room temperature for 2 hr in a humid atmosphere. 
Shake out the unbound antibody, and wash three times with PBS. 

8. Add 50,000 cpm of l2S Mabeled rabbit anti-mouse immunoglobulin 
antibody to each well (diluted in 3% BSA/PBS with 0.02% sodium 
azide). 

9. Incubate for 2 hr at room temperature in a humid atmosphere. 
Discard the iodinated antibodies in an appropriate waste container. 

10. Wash the wells three times with PBS. Cut the wells from the plate 
and count in a gamma-counter. 

NOTE 



i. Other detection methods can be substituted for the iodinated antibodies. 
Common alternatives include enzyme-labeled reagents. 
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■ Selecting Class-switch Variants 

During the normal development of a humoral response, the predomi- 
nant class of antibodies that are produced changes, beginning primarily 
with IgMs and developing into IgGs. These changes and others like 
them occur by genetic rearrangements that move the coding region 
for the antigen binding site from just upstream of the IgM-specific 
region to the IgG region. These events are described in detail in 
Chapter 2 (p, 7). These rearrangements help the host animal, tailor the 
immune response to the various types of infection. The different 
classes and subclasses of antibodies also have properties that make 
them more or less useful in various immunochemical techniques. 
These differences make the preparation of antibodies of certain class- 
es or subclasses very valuable. 

Recently, it has been shown that a process that appears similar to 
the natural class and subclass switching occurs in vitro, although at a 
very low frequency. Therefore, any population of hybridomas will 
have a small proportion of cells secreting antibodies with a different 
class or subclass of antibody. The antigen binding site will be identical 
in these antibodies. If these cells can be identified and cloned, then 
antibodies with the same antigen binding site but with different class 
or subclass properties can be isolated. These "shift variants" generally 
are useful in one of two cases, either switching from IgM to IgG or 
from IgG t to IgG 2a . Often these switches are used to produce antibod- 
ies that bind with higher affinity to protein A. 

When trying to identify any class or subclass switching variants, it is 
important to remember that the rearrangements that occur will re- 
move and destroy the intervening sequences, so only those heavy- 
chain constant regions that are found further downstream can be 
selected for. The order of the heavy-chain constant regions is 5, y 3 , 
y\> T2b» r2a» e > a °d a. Workers should also be certain they need these 
variants, as the assays are tedious. It may often be more advantageous 
to set up another fusion rather than isolate switch variants. 

The most useful approach for most laboratories has been developed 
by Scharf and his colleagues (for a summary, see Spira et al. 1985). 
First, a suitable assay must be developed. Because of the large number 
of assays that must be performed, enzyme-linked assays are generally 
more useful. The assay for antibody capture on p. 180 can be easily 
adopted by changing the detection reagent to an IgG- or IgG 2a -specific 
rabbit anti-mouse immunoglobulin antibody. (Not all companies supply 
reagents that are sufficiently specific for these tests; one useful source 
is Southern Biotechnical Associates. All sources should be tested 
carefully before use.) 
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Hybridoma cells should be washed by centrifugation. Resuspend the 
cell pellet in medium supplemented with 20% fetal bovine serum at a 
density of 10 4 cells/ ml and dispense 100 til into the wells of 10 96-well 
microtiter plates. This yields approximately 1000 cells per well with 
about 1000 wells. Therefore, about 10 6 cells are being screened per 
assay. After the cells have grown, remove a sample of the tissue 
culture supernatant and screen for the presence of the IgG or IgG 2a 
antibodies. Between one and five positive wells may be seen. Choose 
the strongest positive, and transfer these cells to fresh medium. 
Continue passaging the ceils until they are numerous enough to clone 
again. In the second round, the cells should be plated at 100 cells per 
well. The procedure is repeated and then the cells are plated at 10 cells 
per well. In the last round the cells are single-cell cloned using one of 
the techniques described on p. 219. 
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INTERSPECIES HYBRIDOMAS 



Antibody-secreting cells isolated from one species but fused with 
myelomas from another species yield interspecies hybridomas. These 
types of fusions were common in the early years of hybridoma produc- 
tion. Often these hybrids would be formed by immunizing rats and 
fusing with mouse myeloma cells. This was done before good rat 
myeloma fusion partners were available. These fusions yield hybrid- 
omas that secrete rat antibodies, but the hybridoma cells cannot be 
grown conveniently as ascites tumors. Therefore, antibody production 
is almost entirely limited to tissue culture sources. 

Although some important monoclonal antibodies have been produced 
using interspecies fusions, there seems little need for using these 
types of fusions today. 
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■ HUMAN HYBRIDOMAS HH^HHH^HH^HHMHMH^HH^^H 

One of the most exciting areas for hybridoma research over the last 5 
years has been the development of systems for the production of 
human hybridomas. Human monoclonal antibodies will be used exten- 
sively for clinical applications. Although this field has been marked by 
exciting publications announcing new breakthroughs, the actual prog- 
ress in setting up the routine production of human hybridomas for 
laboratory use has been slow. For most research applications, produc- 
ing human hybridomas still does not offer many, if any, advantages. 
The two most successful strategies that are used are standard fusions 
with human myeloma cells and the use of the Epstein-Barr virus 
(EBV) to transform antibody-secreting cells. One of the major prob- 
lems in producing human hybridomas has been the lack of a suitable 
myeloma partner. Several of these lines have been isolated and are 
now in use. 

The use of EBV-transformation to allow antibody-secreting cells to 
grow in standard tissue culture systems has solved some of the 
problems in human monoclonal antibody production. One unfortunate 
drawback of this approach is that the resultant transformants seldom 
secrete large amounts of antibodies. This has been overcome in some 
cases by fusing the EBV-transformed cell with a mouse myeloma cell 
line to allow the secretion of large amounts of antibodies. The com- 
bined use of EBV and secondary fusions points out two important 
aspects in hybridoma research. One is the use of other vectors to 
deliver important genetic information such as oncogenes. Second, if a 
particular hybrid does not possess all of the properties that are needed 
for a particular use, the line may be refused with other hybrids to 
achieve these properties. 

There are several publications that describe progress in the isolation 
of human antibody-secreting cells, and these types of references 
should be checked for the details of producing human hybridomas. 



Few changes in the techniques used to produce hybridomas have been 
adopted since the original methods of Kohler and Milstein were re- 
ported. However, hybridoma construction is likely to change radically 
during the next 10 years. In several areas, preliminary work has 
already been reported that will form the basis for more widespread 
use of new techniques. 

1. In vitro immunizations Although the first in vitro immunization 
procedures were described in the early 1980s, they have not come 
into common use. The two major advantages of in vitro immuniza- 
tions are the small amount of antigen that is required (as low as 1 
ng) and the lack of cellular regulation on the developing immune 
response. Both of these factors make in vitro immunizations a 
potentially powerful technology. They have not been widely used to 
date, because so far they do not allow the development of high- 
affinity antibodies and because many of the antibodies that are 
produced are from the IgM class. 

2. Electrofusion PEG fusions routinely produce one viable hybrid- 
oma from 10 s starting cells, and this may be below the needed 
efficiency. One method that is gaining more widespread use is 
fusing cells by applying high-voltage electrical gradients across cell 
populations— short bursts fuse adjacent membranes and yield hy- 
brid cells. This method has been applied successfully to hybridoma 
production, and the higher fusion efficiency allows production of 
more hybrid cells. In general, this has not been important for most 
fusions, because hybridoma production is normally limited by the 
screening method rather than by the frequency of hybridoma pro- 
duction. As more rapid screening procedures are developed, this 
fusion method will become more important. Also, as techniques are 
developed that allow the selection of the desired antibody-secreting 
cell prior to fusion, this and other high-efficiency methods will 
become increasingly valuable. 

3. Retroviral vectors Recombinant retroviral vectors hold the most 
promise for the efficient transformation of antibody-secreting cells. 
These vector systems can be engineered to deliver oncogenes into 
cells. However, the exact gene or combination of genes that will 
immortalize plasma cells but will not affect antibody secretion has 
not been determined. Also, because there will be little discrimina- 
tion between the desired parental cells and undesired ones, this 
technology will be useful only when other methods of physically 
isolating the correct antibody-secreting cell are routinely used. 
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4. Antigen-directed fusions A number of methods are being de- 
veloped that, prior to fusion, physically couple myeloma cells with 
cells that are secreting the desired antibodies. These techniques 
take advantage of the antigen-combining site of surface antibodies 
found on some secreting cells. This combining site is used as a 
target for a modified antigen that will also bind to myeloma cells. 
After fusion, the frequency of appearance of hybridomas secreting 
the desired antibodies is much higher than in undirected fusions. 

5. Fusion partners More sophisticated methods of identifying cells 
that secrete the desired antibodies are being developed. Most of 
these methods use a fluorescence-activated cell sorter to identify 
and purify cells with surface immunoglobulins having the correct 
specificity. These cells then can either be fused with myeloma cells 
or transformed by other methods. These technologies will continue 
to improve, giving better and more refined choices for antibody 
selection prior to fusion or transformation. In addition, new 
myeloma fusion partners are constantly being described that have 
better properties for successful fusions. 

6. Defined medium Many of the growth factors that are necessary 
for the cultivation of hybridomas have been identified, and several 
defined medium have been developed. These culture conditions 
allow hybridomas to be grown in medium that do not contain other 
immunoglobulins (often bovine), and the low levels of proteins in 
these solutions make purification of antibodies from the tissue 
culture supernatants easier. 
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A3 S TRACT 

S cable clones of murine hybridomas 7E11-C3 
and 9H1Q-A4 were obcained fallowing immunization 
with LNCa? cells. The LNCa? cells were isolated 
from a human prostatic cancer (Ca)). Both hybrid- 
omas secreted monoclonal antibodies (MoAb) of 
the IgGl subclass which were reactive with 
the insoluble, cytoplasmic, membrane rich 
fractions of the immunogen. Neither MoAb reacted 
with the soluble cytosol of LNCa? cells nor 
with purified human prostatic acid phosphatase 
(PAP) nor prostate specific antigen (PSA). MoAb 
9H1Q-A4 reactivity was very narrow and limited 
to the surfaces of LNCa? cells only. 
MoAb 7E11-C5 specificity was restricted to 
human prostatic epithelium, both normal and 
□alignant. Except LNCa? , none of the 32 lines 
of human normal or neoplastic cells reacted with 
MoAb 7E11-C5. In a survey of frozen sections 
from 175 human specimens , positive indirect 
immune- per oxidase staining was limited to 
epithelium in all 11 specimens of localized and 
metastatic Cap, 7 benign prostatic hypertrophy 
(3?H) cases and 7 normal prostates. None of the 
25 various nonprostatic tumors nor 120 out of 
122 specimens from 28 different normal organs 
were reactive. Positive staining occurred in 2 
out of 14 noraal kidneys. Competitive binding 
with MoAb 7E11-C5 or its F(ab') 2 fragments 
demonstrated the presence of circulating epitope 
7E11-C5 in 20 out of 43 sera from Ca? patients. 
Only 3 out of 66 sera from nonprostatic malig- 
nancies reacted- None of 30 normal blood donors 
sera nor 7 BPH sera were positive. Thus, highly 
significant (?<0.0001) association between diag- 
nosed prostatic cancer and circulating molecules 
expressing the epitope reactive with MoAb 
7E11-C5 was established. Significant probability 



(p<0.05) also suggested that patients with positive 
EL ISA test are more likely to be in progression, 
than those who are negative. These results 
suggest that this apparently new antigenic 
marker may be of clinical potential in Ca?. 

INTRODUCTION 

In 1978, we established in vitro the - 
LNCa? cell line (1,2) from a metastatic lesion 
of human prostatic carcinoma. The LNCa? cells 
grow readily in vitro (up to 8 x 10 5 cells/sq 
cm; doubling time, 60 hr) , form clones in serai- ■ 
solid media, and show an aneuploid (modal number, 
76 to 91) human male karyotype with several 
marker chromosomes. The malignant properties of 
LNCa? cells are maintained. Athyoic nude mice 
develop tumors at the injection site (volume 
doubling time - 86 hr) . Functional differentia- 
tion is preserved: both cultures and tumors 
produce prostatic acid phosphatase (PA?) and 
prostate specific antigen (PSA). High-affinity 
specific androgen receptor is present in the 
cytosol and nuclear fractions of cells in culture 
and in tumors. The model is horaonally respon- 
sive: in vitro, 5a-dihydrotestosterone modulates 
cell growth and stimulates acid phosphatase pro- 
duction.. In nude mice, the frequency of tumor 
development and the mean time of tumor appearance 
are significantly different for either gender. 

LNCa? cells therefore meet criteria of a 
versatile model for immunological studies of 
human prostatic cancer in the laboratory. Other 
prostatic cell lines (3,4) fail to maintain some 
of the markers characteristic of prostatic 
epithelium and malignant prostatic cells: e.g., 
production of secretory human prostatic acid 
phosphatase (3,5), organ specific prostate anti- 
gen (6), responsiveness to androgens (5,7) or the 
presence of the Y chromosome (7,8). Such cells 
may not be optimally representative in their 
antigenic make-up of the majority of prostatic 
tumors as seen by the clinician and pathologist. 

Our aim was to obtain and characterize a 
stable murine hybridoma cell line secreting mono- 
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clonal antibodies reactive with _r. e- ii^pe 
present on membrane associated, r. :r.-5d;re: or" 
pu tat ive antigen of human prostatic cancer. 7ne 
LNCa? ceils and partially purif'.ec LNCa? plasma 
me~b rar.es vera used as immur.oger.. 

MATERIALS A.VD METHODS 

Hvbridomas. 7EI1 ar.d 9K1C uncior.ed hybrid- 
oma c.-.i :ures vera produced by S . Leong (Leong , 
Kawinski and Horoszewicz - manuscript in prepara- 
tion) by fusion of murine myeloma (?3 x 63Ag 
3. 553) with spleen ceils of L-NCa? immunized mice 
according to standard procedure (9). 3oth 
hybridomas were cloned twice by the limiting 
dilutions method (10). After cloning, scable 
hybriiouas producing MoAb were expanded and 
cryopreserved. 

Ascites Fluid Production . Hybridoma cells 
(4x100) for ascites fluid production were inject- 
ed into the peritoneal cavity of female nude 
sice. Ascites fluid containing 3 to 3 mg/ml of 
MoAb was harvested 4-5 weeks after hybridoma cell 
inj ection. 

MoAb Purification and Preparation of Anti- 
body Fragments . Whoie MoAb molecules were puri- 
fied from murine ascites fluid on Af fi-gel 
protein-A agarose (3io-Rad) following manufac- 
turer's recommendations. To prepare antibody 
fragments molecular sieving on Sephacryl 200 
(Pharmacia) of affinity purified immunoglobulins 
was performed. Appropriate fractions were con- 
centrated, digested with pepsin, rechromato- 
graphed on Af fi-gel protein A-agarose (to remove 
the Fc fragments and undigested whole MoAb mole- 
cules), separated on Sephacryl 200 and concen- 
trated by pressure dialysis. The immunological 
activity of ascites fluid vs. purified F(ab')2 
fragments was compared in ELISA. Activity of 
F(ab'K was preserved. The overall purity and 
molecular seizes of whole antibodies and F(ab f )2 
was confirmed by polyacrylamide gel electro- 
phoresis (PAGE) using 10Z gels. 

Cell Lines . Thirty-three cell lines of 
human origin were used (Tabie 1). Six ceil lines 
were isolated and established in our laboratory: 
LNCa? ( I) , TT (11), PAC (12),3G-9, MLD (13) and 
SM; 2 ceil lines were from American Type Culture 
Collection: MDA-MB-23 and FL; 9 tell lines were 
obtained from J. Fogh of Memorial Sloan-&et taring 
Institute: DU-145, PC-3, MCF-7, MeWo, RT-4, 
HT-29, A-209, SAOS-2 and 5959; the remaining 16 
cell lines were provided by R. 3aker, K. Chadha, 
W, Dembinski and M. I to of RPMI and include: 
5637, SK, COLO-205, HeLa-531, HeLa-CCL2, SV-372, 
HT-1080, GM-2504, H3C, A-549, CHAGO, SKMES, PC-1, 
PC-S, PC-14 and T-24. Murine myeloma line P3 x 
63Ag 8.653 was from L. Papsidero of RPMI. Ail of 
the cell lines were routinely maintained in RPMI 
medium 1640 supplemented with 10Z heat inacti- 
vated fetal bovine serum, 1 mM L-glutamine, and 
50 ug/ml of penicillin and streptomycin (Gibco). 



Human Specimens . Fresh normal and tumor 
tissues were obtained either from :he Department 
of Surgery or the Oepartment of Pathology at 
RPMI. The tissues were quick frozen in M-i 
embedding matrix (Lipshaw) and stored at -30°. 
Human sera were from 31ood 3ank, from the Depart- 
ment of Laboratory Medicine and from the Depart- 
ment of Urology at RPMI. 

Indirect I" ur.operoxidase Staining . Cy to- 
spin smears of cultured ceils, frozen sections 
(4 ua thick) and sections of formalin fixed, 
paraffin embedded human tissues were used for 
immunoperoxidase staining as described previous- 
ly (14,15). The intensity of the iramunospecific 
staining was evaluated using Zeiss microscope 
(40 x objective; 10 x ocular). 

Isolation of Plasma Membrane-Enriched 
Fractions . Plasma membrane-enriched fractions 
were obtained from LMCa? ceils and normal human 
diploid fibroblast (strain MLD) by modification 
of published methods (16). 

The enzvme-1 inked immunosorbent assay 
(ELISA) has been used for general enzyme immuno- 
assay of antigen (17) and screening for MoAb 
production (18) using viable and fixed cells, as 
well as purified plasma membranes. 

RESULTS 

Cloning of Hvbridomas . Hybridomas 7E11 and 
9H10 were cloned twice by the limiting dilution 
me thod (10). Two stable monoclonal (p<0.005) 
hybridoma cell lines were obtained and designated 
as 7EI1-C5 and 9H10-A4 respectively. 

Immuno specific Staining . The indirect 
immunoperoxidase staining of formalin fixed 
LNCa? cells by supernatants from either of the 
two cloned hybridoma cultures was positive in 
dilutions ranging from 1:200 to 1:300 while 
ascitic fluids harvested from mice stained LNCaP 
smears at dilutions from 1:50,000 to 1:400,000. _ 
The localization of immunoperoxidase staining of 
LNCaP cells differed for MoAb 7E11-C5 and MoAb 
9H10-A4. MoAb 7E1I-C5 staining was apparent 
over the cytoplasmic region with intensity 
slightly increasing toward the cell periphery. 
MoAb 9H10-A4 produced continuous, narrow band of 
strong staining limited only to plasma membrane. 
The staining pattern of LNCaP cells from culture, 
as well as cells taken directly from nude mouse 
tumors was constant for each MoAb. 

Viable LNCaP cells when stained by the in- 
direct immunofluorescence method showed bright 
peripheral rings after exposure to MoAb 9H10-A4. 
No staining of viable cells, however, was seen 
with MoAb 7E11-C5. 

Reactivity of Soluble vs. Sedimentable Cell 
Components . Immuno blot ting and ELISA using as 
antigen the insoluble, membrane rich fraction 
from LNCaP cells were strongly positive with both 
MuAb 7E11-C5 and 9H10-A4. On the other hand, 
neither MoAb reacted in these tests with soluble 
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cellular LNCa? components such as whole cycosol 
cr purified PA? or PSA when examined according to 
described methods (19,20). 

Other Cell Lines . In addition to LNCaP 
cultures, 32 human normal and malignant cell 
lines vere evaluated as to their reactivity with 
both studied MoAbs. None or these cell lines 
reacted in either HLISA or indirect innsunoperoxi- 
iase staining regardless of fixation (Table 1). 

Isotyping . MoAb 7Z11-C5 and 9R10-A4 are of 
:he IgG-1 subclass, as determined by double 
diffusion gel precipitation with isotype specific 
ancisera (Miles). Consistent with this finding 
vere observations chat Protein A conjugated with 
either fluorescein or horseradish peroxidase 
;3io-Rad) failed to react with smears of LNCa? 
cells following incubation with either MoAb. 

Biological Activity . No biological activity 
MoAbs 7E11-C5 and 9H10-A4 was detected in vitro 
-or in vivo: the MoAbs either alone (as 1:5 
dilutions of hybridoma supernatants, or 1:100 
dilutions of ascites) or in the presence of rabbit 
ccspiement (1:20) had no measurable growth in- 
hibitory or cytotoxic effects on LNCaP cultures; 
neither* the growth of LNCaP tumors in nude mice 
(3 groups, 6 animals each) was affected by weekly 
injections of 1 mg of ascites derived MoAbs 
7111-25 or 9H10-A4 over a period of 10 weeks, 
when compared with PBS injected controls. 

Distribution in Human Tissues of Antigens 
Reactive with MoAbs 7 £11-05 and 9H10-A4 . A 
survey of human normal and neoplastic tissues 
stained from biopsy, surgery and autopsy was 
performed to assess the localization of antigens 
reactive with both MoAbs. "resh fro 2 en sections 
fixed in 2* neutral formaldehyde vere stained by 
:he indirect ir-munoperoxidase method and 
evaluated. Results from observations made on 
'.7 5 specimens are shown in Table 2. 

MoAb 7E11-C5 stained both malignant and 
apparently normal prostatic epithelial cells with 
reiaarkable selectivity. No reactivity was seen 
in stromal components such as fibers, vessels, 
-uscies, etc. Positive cells stained stronger 
coward the cell periphery. The staining showed 
a small degree of heterogeneity among individual 
;ells. A difference was noted in the intensity 
a: staining between normal and neoplastic 
epithelium. The staining of CaP cells was strong 
in 9 out of 11 specimens and of moderate inten- 
sity in the remaining 2. Apparently normal and 
hypertrophic prostatic glands showed faint (in 
12 out of 16 specimens) to moderate (2 out of 16) 
staining* Two specimens from benign prostatic 
hypertrophy (BPH) , which were classified as 
negative, contained only very few rudimentary 
structures reminiscent of prostatic ducts. Over- 
all, 25 out of 27 specimens from prostates and 
CaP reacted with MoAb 7E11-C5. 

Despite strong staining of cytoplasmic 
membranes of LNCaP cells, MoAb 9H10-A4 failed to 
react in frozen sections with either normal pro- 



TABU 1 

REACTIVITY OP *0Ab 7Eit-C5 AN0 MoAb 9H10-AA WITH CULTUREO 
HUMAN CELLS 9T EL ISA ANQ IMKUN0PER0X10ASE STRAINING 

Reactivity with 



Human Cs'U 


in Culture 


iNCa? 


- Prostatic Ca 




- Prostatic Ca 


PC-3 


- Prostatic Ca 




- 3 Udder Ca 


5537 


• 91 adder Ca 


MC?-7 


- Bladder Ca 


MDA-M8-231 


- Breast Ca 


HT-29 


- Colon Ca 


*SK 


- Colon Ca 


C0L020S 


• Colon Ca 


PAC 


• Pancreatic Ca 


TT 


- Medullary Thyroid Ca 


MeWo 


- Melanoma 


SM 


• Melanoma 


Hela-531 


- Uterine Ca 


HeLa-CCL2 


- Uterine Ca 


A2Q9 


- Rhabdomyosarcoma 


SU872 


• Li po sarcoma 


HT1080 


• Fibrosarcoma 


5959 


- Osteogenic Sarcoma 


SA0S-2 


- Osteogenic Sarcoma 


H6C 


• Bronchogenic Ca 


A549 


- Lung Adeno Ca 


CHAG0 


- Large Cell Lung Ca 


SKMES 


- Souamous Cell Lung Ca 


PC-l 


• Lung Ca 


PC-9 


- Lung Ca 


PC-U 


- Lung Ca 


T-2* 


• Lung Ca 


MLO 


- Normal Fibroblasts 


3G-9 


- Normal Fibroblasts 


GM2504 


- Normal Fibroblasts 


?L 


- Human Amnion 



MoAb 
7EH-C5 



MoAb 
9H10-A6 



static epithelium or with neoplastic cells. 

Neither MoAb 7E11-C5 nor MoAb 9H10-A4 stain- 
ed fresh frozen sections from any of the 26 
specimens representing 11 different histological 
types of human non-pros tatic tumors. 

Among 122 individual specimens from 28 
different normal human organs and tissues, 120 
did not show any staining with MoAb 7E11-C5. In 
2 instances (out of 14) of normal kidneys, poorly 
defined, low intensity, diffuse and uneven brown- 
ish deposits were detected on the inner surfaces 
and in the lumen of some of the Henle's loops. 
Pre-incubation of fixed sections with It albumin 
or gelatin solutions reduced such "staining". 
Similar reactions in the human kidney by the 
immunoper oxidase staining with various murine 
monoclonal antibodies were noted by other authors 
(21,22), but the significance, if any, or the 
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specificity of such "staining" is at present un- 
clear. Again, MoAb 9H10-A4 did not react with 
any of the 122 specimens* from noma! organs. 

Development of Competitive Binding EX ISA. 
After incubation of MoAb 7E11-C5 at appropriate 
concentrations (20-100 ng/tal) with whole LNCa? 
cells, hypotonic cell lysates, LNCa? cell 
sonicates or partially purified plasma membranes, 
the original activity of MoAb 7E11-C5 as 
measured by EL ISA was significantly and 
reproducibly reduced. The inhibition was a 
function of antigen concentration and the length 
of incubation time (results not shown). These 
observations suggested that MoAb 7E11-C5 re- 
active antigen could also be detected, if present, 
in human sera using an appropriately designed assay. 

Initial experiments were focused on the 
assay specificity and methodology. For these 
studies, 3 sera from CaP patients inhibiting 
MoAb 7E11-C5 in competitive binding EL ISA were 
used. Centrifugation (2 hrs; 100,000 x g) failed to 
sediment their inhibitory activity which suggested 
that the "inhibitor" in serum was not associated 
with circulating whole CaP cells, membrane 
vesicles or cell fragments, but represented the 
MoAb 7E11-C5 reactive epitope in a soluble form. 
This observation was unexpected since high speed 
centrifugation of either disrupted LNCaP cells, 
or spent LNCaP cell culture media yields anti- 
MoAb 7E11-C5 directed reactivity only in sedi- 
mentable fractions, indicating Chat the MoAb 
7E11 specific epitope was associated with in- 
soluble supramolecular aggregates. The level of 
competitive binding EX ISA inhibitory activity 
against MoAb 7E11-C5 in human sera remained 
constant after 10 cycles of repeated freezing 
and thawing, heating to 56° for 30 min. , 6 months 
storage at -80° , as well as after overnight in- 
cubation at 37° regardless of addition of pro- 
tease inhibitors. 

ELISA inhibitory activity was not due to the 
presence in tested sera of a human antibody with 
specificity similar to MoAb 7E11-C5, which could 
compe:itively block available antigenic sites on 
the LNCaP detector cells, nor were enzymatic 
activities of serum affecting the antigenic sites 
of LNCaP cells. This was shown by preincubation 
(up to 72 hrs.) of wells containing LNCaP cells 
with either "inhibitory" serum, non-inhibitory 
serum or PBS. The serum was then removed and 
MoAb 7E11-C5 activity was tested by standard 
ELISA procedure. No reduction in reaction in- 
tensity was observed between control wells and 
wells pre-incubated with inhibitory sera. 

In addition, either the presence in sera of 
anti-murine IgG capable of binding MoAb 7E11-C5 
or the existence of an unusual proteolytic activ- 
ity directed against monoclonal antibodies in 
general, was excluded by preincubation of in- 
hibitory sera with murine MoAb 9H10-A4 and show- 
ing that immunologic reactivity with LNCaP cells 
and membranes was unaffected. 



uaiE 2 

MllGtS \H fSCtE.N St" EONS 175 
SPECIMENS 0£T£C"0 9* iNOfSECT I M*TJNC ^OXIDASE 
STAINING WITH rtoAOS 7£I1-C5 AN0 9HI0--U 



Human Astatic Zz ; 


trie I Sum 


MoAb 7e; i -cs 

aeacri ve 


r*a*o 9Hl0-iJ 
?eic:*ve 


CaP foci in org$:ace 


9/9 


0/9 


CaP metastases in 


lyrtion noces 


2/2 


0/2 


3enign oras;a::c 


nyoe-'rzony 


5/7 


Z/7 


■Normal proitaiss 




9/3 


0/5 


.Human Tumors 'Nc*- 3 


-os :i: * : 1 






3rsss: Ca 




0/3 


0/5 


Sena! Cell Ca 




0/3 


0/2 


aiadde- Ca 




0/2 


0/2 


Adre.nl Ca 




0/2 


0/2 


Colon Ca 




0/2 


0/2 


Sarcoma 




0/2 


0/2 


Squamous Cell Ca 




0/3 


0/3 


Melanoma 




0/1 


0/1 


Neuroblastoma 




0/1 


0/1 


Uterine C* 




0/1 


0/1 


Psncrestic Ca 




0/1 


0/1 


Noma I Human Oroans 








Urinary 8 ladder 




n/c 

0/5 


U7 3 


Urstner 




0/5 


0/5 


Seminal Vesicles 




0/3 


0/ J 


Testis 




n/4 


0/4 


Kidney 






(1/ 1 a 

Kit I * 


Ovary 




0/3 


0/3 


Uterus 




n/i 

UV J 




Breast 




0/3 


0/3 


3roncnuS 




0/ 4 


0/4 


Lung 




0/5 


0/S 


Liver 




0/7 


0/7 


Soletn 




0/8 


0/8 


Pancreas 




0/5 


0/5 


Tongue 




0/2 


0/2 


Esconagus 




0/1 


0/' 


Stomacn 




0/3 


0/3 


Small Intestine 




0/3 


0/3 


Colon 




0/3 


0/3 


Thyroid • 




0/5 


0/5 


PjracnyroiC 




0/1 


0/1 


Adrenals 




0/4 


0/4 


lytnon .Mode 




0/5 


0/5 


Skeletal Muscle 




0/5 


0/5 


Heart 




0/5 


0/5 


Aorta 




0/3 


0/3 


Veia Cava 




0/3 


0/3 


3rain 




0/1 


0/1 


Skin 




0/4 


0/4 



Next, the possibility was investigated that 
"inhibitors" in positive CaP sera were unspeciti 
and interacted only with the Fc portion of MoAb 
7E11. To this end, the inhibition of immuno- 
reactivity of 7E11 FCab'^ antibody fragments by 
CaP sera was tested. The F(ab'>2 antibody frag- 
ments were as susceptible to inhibition by posi- 
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TABLE 3 



SUMMARY TABLE OF MoAb 7E11-C5 COMPETITIVE BINOING EL ISA IN HUMAN SERA 



Serum Source 


Number Tested 


SR Positive 








7E11 




Prostatic Cancer (CaP) 


43 


20 


(46. 5X) 


Benign Prostatic Hypertrophy (BPH) 


7 


0 




Non-Prostatic Malignancies 


66 


3 


(4.6X) 


Normal Blood Donors 


30 


0 


Total 


146 


23 





Two tail Fisher Exact Probability Test indicates that there is a signifi- 
cantly higher Sft; E n positive rate (p<0.0001) in a population of 43 CaP 
patients as opposed to a group of 103 non-CaP*controls (normal, BPH and other 
malignancies). The assays were blinded. 



tive human sera from CaP as were the complete 
MoAb 7E11-C5. 

Taken together, the above experiments in- 
dicate that observed ELISA inhibition results 
from specific immunological reaction between 
MoAb 7E11 and corresponding antigen present in 
serum from some CaP patients. 

The assay methodology for testing human sera 
from normal blood donors, non-proscacic malig- 
nancies and patients with prostatic cancer for 
specific binding of MoAb 7E11-C5 in limiting 
concentrations was established as follows: 

Aliquots (125 ul) of serum were incubated 
(3 hrs., room temp.) with: 

a) 125 ul of diluent (PBS with 0.3* bovine 
serum albumin, pH 7.2, sodium azide 
0.052) 

b) 125 ul of MoAb 7EU (60 ng/ml in diluent) 

c) 125 ul of MoAb 9H10 (6 ng/ml ia diluent) 
As references of total MoAb activity in the 

absence of serum, MoAb 7E11-C5 (30 ng/ml) and 
MoAb 9H10-A4 (3 ng/ml) in diluent only were used. 
In addition, each microtiter plate contained a 
set (12 wells) of external controls consisting 
of normal female serum preincubated separately 
with each MoAb and diluent. 

The reaction mixtures were then, incubated 
in a single 96 well microtiter plate (Falcon) 
overnight (18 hrs, 4°C; quadruplicate wells, 50 
ul/well) with air dried LNCaP cells (4x10** cells/ 
well, 2.0Z formaldehyde fixed for 30 min) to 
determine reactivity by ELISA. The results of 
the ELISA test (O.D. read at 490 nm) are express- 
ed as the Specific Reactivity with MoAb 7Eli-C5 
factor (SR 7E factor). The SR 7£11 factor is 
calculated according to formula: 

SR 7E11 » °» D * (7Ell+diluent) O.D. (9HlCH-serum) 

O.D. (7ElH-serum) A O.D. (9H10+diluent) 



The inclusion of MoAb 9H10 in the test 
allows t3 compensate for potential differences 
in kinetics of binding of MoAb to target LNXa? 
cells in high (502) serum concentration, as well 
as for unexpected presence in individual sera of 
interfering macroraolecules (anti-tiurine IgC, 
enzymes, etc.). The MoAb 9H10-A4 strongly binds 
to LNCa? plasma membranes, but is unrelated In 
specificity to MoAb 7E11-C5 and does not react 
with other human cell lines, or frozen sections 
of normal human organs or malignant tumors. 
Neither normal nor CaP sera inhibit soeciricali- 
MoAb 9H10-A4. 

Survey of Human Sera bv Competitive Binding 
ELISA. To establish the average numerical value 
ot ~ SR 7E11 factor for normal, healthv individuals, 
30 sera from RPMI Blood 3ank donors* were tested. 
The mean SR^r^ of this group was 1.13 + 0.23 
(x + S.D.). No significant dif f erences""betveen 
the mean values of the SR 7E11 factor for groups 
of males and females were found. For the thres- 
hold defining positive results (at the o<0.01 
level), x + 3 S.D. was calculated to be* 1.32. 
The value above 1.82 for SR 7E11 was used for the 
classification of Specific Reactivity as positive. 

Subsequently, additional 116 sera were test- 
ed: 43 from CaP patients, 7 from individuals 
with benign prostatic hypertrophy and 66 sera 
from nonpros ta tic malignancies". Tables 3, 4, and 
5 show the results. A strong statistical corre- 
lation emerged between the assay positive outcome 
and diagnosis of prostatic cancer. In addition, 
the patients with positive SR 7£11 were more like- 
ly to be in progression than chose who were 
negative. Similarly, a higher percentage of 
positive tests were among patients with widely 
disseminated disease vs. less advanced clinical 
stages. Among 56 sera from individuals with 
tumors of nonprostatic origin, only 3 (4.6%) 
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TABLE 1 

HoAb 7EH-C5 COMPETITIVE BINOlnr. Fl *.A IN PROSTATIC CANCER 



Clinical Evaluation 


Number Tested 


SR Positive 






7E11 


No App^r^ot Disease 


7 


0 


Remission/Stable 


13 


6 (461) 


Progress ion 


23 


14 (61%) 


Total 


IT 


20 



CaP Sta ge 
8 I 
8 II 
C I 
0 I 
0 II 



2 
5 
3 
4 
29 



0 
1 
2 
1 

16 



(29X) 
. (55X) 



Total 



43 



20 



Logistic regression relating the probability that the patient was 
in CaP progression to the SR 7En indicates a significant (at p<0.05) 
relationship. Patients with positive SR7E 1 1 are more likely to be 
in progression, than those who are negative. The assays were blinded. 



tested positive (Table 5). Two of the positive 
sera were from females with disseminated uterine 
and renal carcinomas respectively. The third 
positive serum was obtained from young male with 
testicular embryonal carcinoma. 

DISCUSSION 

Monoclonal' antibodies (MoAb) obtained by the 
hybridoma technology are potentially powerful 
tools for cancer detection, diagnosis and therapy 
So far, the success in developing reagents that 
are exclusively tumor specific has been limited. 
Possibly , the low frequency, poor accessibility 
or, perhaps, even complete absence of tumor 
specific epitopes is responsible. The development 
of diagnostic and therapeutic reagents against 
neoplasms derived from cells expressing organ 
{or tissue) specific antigens, appears to offer 
an immediate and practical alternative. 

Prostatic epithelium has limited distribu- 
tion, may not carry out functions vital for the 
survival of a cancer patient, but was already 
shown to produce organ specific, albeit secretory 
macromolecules. Prostatic organ specific mole- 
cules preserved on neoplastic cells and bound to 
membranes could be targeted by MoAb as a thera- 
peutic approach. Cancer of the prostate is the 
second most frequent tumor of males in the 
United States (23), claiming, annually over 25,000 
lives. Unknown etiology, variable pathology, 
intricate relationship to endocrine factors and 
anaplastic progression contribute to the com- 
plexity of this disease and limited effective- 
ness of available therapies. 



TABLE 5 

MoAb 7E11-C5 COMPETITIVE BINDING EL ISA IN 
HUMAN SERA FRGM NON-PR0STATIC MALIGNANCIES 

SR, cn Positive 



Diagnosis ^jtal Tested 

Testicular Tumors 1/15 

Embryonal Ca 

Transitional Cell Ca (Bladder) 0/7 

Renal Cell Ca 1/** 

Breast Ca 0/3 

Ovarian Adeno Ca 0/3 

Uter ; ^"? Adeno Ca U2* 

Gastric Ca 0/3 

Haoatcma 0/2 

Pancre*:--: Adeno Ca 0/3 

Cs'on ana Rectum Adeno Ca 0/3 

Lung Ca 0/3 

Sarcoma 0/4 

Astrocytoma, Chorccma 0/2 

Sauamous Cell Ca 0/3 

Basai Cell c-a 0/2 

Hist':cy"fna 0/1 

M esc :~e ; ''cna 0/1 

Lymcnoma, leukemia 0/4 

Tctil TisS (4.6%) 



*$a 7r ., positive se-i were ->?a :3'-ima; parents wno 
exoired snortly after testiic. 
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The progress coward establishing effective 
immunological methods for* detection and success- 
ful management of CaP may depend on laboracory 
experimentation with tnosc suitable models used 
as reagents for MoAb production. Proscace cancer 
specific antigen may not have been yet defined 
by monoclonal antibodies, although several Ca?- 
associated eoitooes were already described 
(24-33). 

Several MoAb are available against two veil 
characterized, purified to homogeneity, soluble 
glycoproteins produced and secreted by either 
normal or malignant human prostatic epithelium. 
PSA (24) is present in human prostate epithelium, 
seminal plasma and Ca? cells. Readily produced 
polyclonal and monoclonal antibodies to purified 
PSA (5,19) established this antigen as a sero- 
ci agnostic marker for Ca?, marker for human 
prostatic epithelial cells and i^nunohiscoiogic 
marker for prostate neoplasms. Another 
organ specific, well known marker protein of 
normal and neoplastic human 'prostatic ceil is 
human prostatic acid phosphatase. PA? (25) is a 
glycoprotein vith m.vc. IOC ,.300 and established 
ani no terminal sequence and carbchycr ace tempos i- 
tion (26). Murine monoclonal antibodies (20,27) 
identify 3 distinct antigenic determinants and 
several sensitive immunoassays to measure PA? 
vera developed, experiments by Lee et ai. (23) 
with LNCa? model system suggest that monoclonal 
anti-?A? antibody has potencial for antibody- 
directed radio- imaging and MoAb carpeted chemo- 
cherapy of proscace cancer. 3oth PSA and Pa? 
are secretory products of diagnostic value and 
could be detected not only in cells but also in 
plasma of patients vith advanced Ca?, nude mice 
bearir.g LNCa? cur.ors and in LNCa? culture super- 
nacancs. ?SA and PA? solubility and secretion 
could impair the intracellular retention of 
directed at them antibodies and diminish the full 
pharmacologic effectiveness of cytotoxic con- 
jugates . 

Another strategy of MoAb production against 
human proscatic cancer cells has been the utili- 
zation as immunogens of whole cells or fraction- 
ated cell preparations from established in vitro 
cui cures of human malignanc prostatic cells ?C-3 
and Dl'145. A variety of generated MoAb have 
shown reactivity not only with cell surface or 
cytoplasmic antigens of Ca? ceils, but also vith 
ceils from other malignancies and most important- 
ly, with several non-prostacic normal human 
tissues (21,22,29-33). 

In this report, we describe the isolation 
of two stable murine hybridomas secreting MoAb 
directed against LNCa? cells which were used as an 
immunogen. The LNCaP cells originated from a 
metastasis of prostatic cancer and maintain in 
vitro biologic properties as veil as several bio- 
chemical markers characteristic of human malignant 
prostatic epithelium (1,2). Studied by us, MoAb 
7E11-C5 and MoAb 9H10-A4 were of the IgGl sub- 



class and as such, either alone or with comple- 
ment, lacked detectable biological activities 
against LNCa? cells in vitro or in nude mice. 
3oth MoAbs reacted in EI.ISA and by iznounobloccing 
with sedimentable, cytoplasmic membrane rich 
fractions of LNCa? ceils, but not with soluble 
cytosol or secrecorv givcooroceins such as PSA 
or PAP. 

MoAb 9H10-A4 had specificity restricted to 
epitopes present on the surface of LNCa? ceil 
plasma membrane as demonstrated by EL ISA and 
immunospecif ic staining of a variety of viable 
or fixed calls and frozen sections. No binding 
of MoAb 9KiO-A4 was detected to any other than 
LNCa? human prostatic and non-pros tatic normal 
cr malignant cells in studies involving 32 ceil 
lines, 27 prostates and H3 other fresh-frozen 
specimens of human organs, normal tissues and 
rumors. This suggests that MoAb' 9H10-A4 defined 
antigen could be unique for an individual pros- 
catic tumor or perhaps even a single metastasis 
from which the LNCa? cells were isolated. 
At present, MoAb 9H1G-A4 remains as a use- 
ful reagent to positively identify LNCa? cells 
and distinguish chem from other cultured cells. 
In addition, this MoAb serves as a reliable 
control in competitive binding cLISA with MoAb 
7Ell-:5 for detection of circulating antigens 
associated with Ca?. 

MoAb 7E11-C5 reacted with epithelial ceils 
in frozen sections from prostatic carcinoma, 
benign prostatic hypertrophy and to a lesser 
degree with normal prostatic glands. Among 33 
grown in vicro normal and neoplastic cell lines, 
only LNCa? cells bound MoAb 7E11-C5 in EL ISA and 
in indirect immunospecif ic staining of dried and 
fixed smears. It is of interest that Ca? de- 
rived 3U-145 and ?C-3 cells did not exhibit anv 
reactivity vith MoAb 7E1I-C5. This finding 
parallels the absence or diminution of pheno- 
cypic expression in ?C-3 and DU-145 of other 
marker molecules (PAP, PSA, androgen, recepcors) 
vhich are characteristic of human epithelial pro- 
static cells and are abundantly preserved in 
LNCa? cultures (3,5,6,7). Scrong reactivity of 
MoAb 7E11-C5 with LNCa? membrane preparations and 
fixed cells contrasted sharply with the lack of 
staining by che indirect immunofluorescence 
method of viable, unfixed LNCa? cell suspensions. 
This observation suggests that epicopes specific 
for MoAb 7E11-C5 are either absent or not' avail- 
able for binding on che outer surface of living 
LNCa? cells. It remains to be determined whether 
such restriction applies. to normal and malignant 
viable cells from human prostates. The results 
of such experiments could help to project the 
practical potential of appropriate MoAb 7E11-C5 
conjugates as either imaging or therapeutic 
agents for Ca?. 

rhe evidence for selective specificity of 
MoAb 7E11—25 for human proscatic epithelium was 
reinforced by consistently negative results- of 
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form. Perhaps pa:hvays 0: procassi-g naoro- 

o: auto lytic events are responsible ::: :nis 
dior.otomv. The results 0: a competitive binding 9 
EL ISA establishing a statistical Link between CaP 
arc positive tests for circulating epitopes are 
encouraging. The sensitivity ar.d specificity oz the 
described assay is likely to be improved, vhen 10 
instead of a dried ceil suspension a defined amount 
of purified and standardized antigen is used. In 
addition, when such antigen is available, the 
issue of precise quantitation of MoAb 7I1--C5 
reactive aoiecules in human sera could be mean- LI 
ing fully addressed and correlations with Ca? 
stages better delineated. We felt that reporting 
in this paper an early and developmental stage of 
a nev test, attempts to quantitatively describe 
each positively testing individual in tarns of 
arbitrary units were prematura. 

Additional experiments should define the 
future ci McAb 7 111-: 3 and 9H10-A- in diagnosis 11 
and management of human prostatic cancer. 
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Western Blot Assay for Prostate-Specific 
Membrane Antigen in Serum of Prostate 
Cancer Patients 

Yvan P. Rochon Julius S Horoszewicz, Alton L. Boynton, Eric H. Holmes, 
Robert J. Barren III, Sheila J. Erickson, Gerald M. Kenny, and 

Gerald P. Murphy 

Pacific Northwest Research Foundation, Seattle, Washington 

ABSTRACT: There is a need for the development of new diagnostic tools for the early 
detection of prostate cancer. A candidate molecule for a new screening test is a prostate- 
specific membrane antigen (PSM) recognized by the monoclonal antibody 7EI1 C5 We 
earned out studies aimed at identifying PSM in the serum of normal and benign prostatic 
hyperplasia (BPH) donors and patients with adenocarcinoma of the prostate in order to 
fudge whether the development of a serum assay using this marker was feasible By Western 
blotting, we found significant levels of PSM in serum samples from prostatic cancer patients 
in the seminal fluid of pooled normal donors, in BPH patients, and in normal male sera' 
Similar to prostate -specific antigen (PSA), PSM was present in seminal plasma in higher 
concentrations than in serum, and PSM levels in prostatic cancer patients were significantly 
h)gher than in normal controls. These data suggest that the development of an assav uti- 
lizing the PSM and new monoclonal antibodies directed against the antigen, could provide 
a feasible test for prostatic cancers. © 1994 Wilev-Liss, Inc. 
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INTRODUCTION 

Prostate cancer has become a major concern within 
the aging male population in the United States. With 
the advent of strenuous diagnostic strategies and pe- 
riodic testing of nonsymptomatic males over the age 
of 50, a greater number of early stage cases of adeno- 
carcinoma of the prostate are being diagnosed [1], 
However, it has been argued that the diagnostic pro- 
tocols to which patients are being subjected are too 
invasive for the number of new cases detected [1]. 

The development of a new prostate cancer screen- 
ing test which could potentially be used along with 
prostate-specific antigen (PSA) levels would afford an 
increase in screening confidence and a reduction in 
false positive results [1]. A candidate molecule for the 
development of a new screening assay is a prostate 
membrane-associated recognized by the 7E11.C5 an- 
tibody [2]. This antibody has been successfully used 
for in vivo imaging of metastatic prostatic carcinoma 
[3,4], and the nucleotide sequence of a cDNA coding 



for the antigen has been determined [5]. The antigen 
is a transmembrane protein based on the deduced 
amino acid sequence, and has been termed prostate- 
specific membrane antigen or PSM [5J. The 7E11.C5 
antibody reacts with antigen localized in subcellular 
organelles as well as in the plasma membrane [6]. We 
report here direct evidence for the increased levels of 
PSM in sera from patients with adenocarcinoma of 
the prostate, and also its presence in pooled seminal 
plasma from normal males. 

MATERIALS AND METHODS 

Cell Lines 

The cell lines DU-145 and PC-3 were obtained from 
the American Type Culture Collection. The LNCaP 
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cell line established by J. 5. Horoszewicz et al. was 
utilized (7,3J. All three cell lines were grown in RPMI 
1640 medium supplemented with L-gJutamine, 10% 
fetal calf serum (Cibco-BRL), 100 U/ml penicillin, and 
100 H-g /r n! streptomycin, and maintained at 37°C in a 
5% CO : /95% air incubator. In addition, monoclonal 
antibodies 7E11.C5 (CYT-351) and 9H10 [2] were pu- 
rified from mouse ascites, on a protein A Sephadex 
column were obtained from Cytogen Corporation, 
Princeton, N'J. 

LNCaP-Based ELISA Assay 

We tested for the presence of the PSM antigen in 
the sera of patients with adenocarcinoma of the pros- 
tate using a modification of a previously described 
LNCaP-based ELISA assay [2]. Briefly, LNCaP cells 
grown to confluence, harvested in PBS, and resus- 
pended at 1.5 x 10 7 cells/mi in 3 mM HEPES (pH 
7.4), 0.3 mM MgCl 2 , 0.5 mM CaCI 2 , .and 0.5 mM 
AEBSF . (4-(2-Aminoethyl)-benzensultonylfluoide, 
HC1) (CalBiochem, La Jolla, CA). Twenty microliters 
of cell suspension (3 x 10 5 cells) were added to the 
center of a well (96-well flat-bottomed Immulon-4 
plate, Dynatech Laboratories, Chantilly, ' VA) and 
dried at 37°C. Once dry, the cells were fixed for 30 
min at room temperature with 2% formaldehyde (pH 
7.4), and washed three times with PBS, and the plates 
were blocked for 2 hr at room temperature with 1% 
Type A (300 Bloom) porcine skin gelatin (Sigma 
Chemicals, St. Louis, MO) in PBS (with 0.5% sodium 
azide). When necessary, the plates were stored at 
4°C, and warmed to 37°C prior to use. 250 u.1 aliquots 
of normal or patient sera were individually mixed 
with 7E11.C5 (13 ng/ml final), 9H10 (15 ng/ml final), 
or PBS for 3 hr at room temperature. 50 fxl of the 
antibody/serum sample were added to wells contain- 
ing the fixed cells, and incubated overnight at 4°C. 
Plates were washed extensively, and HRP-labeled 
goat anti-mouse secondary antibody (Sigma) was 
added for 1 hr at room temperature, followed by ex- 
tensive washing and addition of 200 *jl1 of color de- 
veloping solution (50 mM sodium acetate, 2 mM OPD 
(o-Phenylenediamine), 0.08% H 2 0 2 , pH 6.0), and the 
reaction was stopped after 35 min with 50 jxl 2.5 Nf 
sulfuric acid. 

This competitive-inhibition ELISA assay measures 
the relative loss of activity when antibody is mixed 
with human serum vs. antibody mixed with diluent 
(in this case PBS). We express relative inhibition (RI) 
as the activity of the antibody in the presence of di- 
luent divided by the activity of the antibody in the 
presence of serum. The greater the concentration of 
antigen in the serum sample, the greater the RI value 
will be,. as the activity in the presence of serum will be 



lower than that found with the diluent. As control for 
nonspecific binding of the monoclonal antibody by 
serum proteins, the 9H10 monoclonal antibody is 
used. This antibody recognizes a protein present on 
the surface of LNCaP cells and has not been detected 
in the frozen sections of any human tissues studied 
thus far [2j. The 7E11.C5 and 9H10 monoclonal anti- 
bodies were generated from the same mouse, and are 
of identical IgG subclass. Specific reactivity (SR) is 
defined as the RI value found using the 7E11.C5 an- 
tibody divided by the RI value found using the 9H10 
antibody. 



Cell Lysates 

Cultured cells were grown to confluency, rinsed 
twice with warm PBS, once with 0.05% trypsin, 
0.02% EDTA, and harvested in PBS after 5 min. Cells 
(4 x 10 7 /ml) were lysed in 50 mM Hepes (pH 7.5), 
10% glycerol, 1% Triton X-100, 15 mM MgCl 2 , 1 mM 
AEBSF, and 1 mM EDTA for 20 min at 4°C. The lys- 
tate was centrifuged at a speed of 13,000# for 30 min 
at 4°C, and frozen at -20°C until further use. 



Electrophoresis and Western Blotting 

Protein samples (93 u,g/lane) were run under re- 
ducing conditions on 7% or 8.5% SDS-PACE, and the 
separated proteins were blotted on PVDF membrane 
as described previously [9]. Membranes were then 
probed with 3 M-g/ml 7E11.C5 antibody, 167 ng/ml 
sheep anti-mouse HRP labeled secondary antibody, 
and the membrane developed in chemiluminescent 
developing medium (Kirkegaard & Perry Laborato- 
ries, Inc., Gaithersburg, MD). Blots were visualized 
by exposing X-ray film, the image scanned with an 
HP Ilex Scanjet, and band intensities semiquantitated 
using Sigma Scan Software. Protein concentration of 
serum samples, was determined using the BioRad 
protein assay kit. 

Samples were assessed as to the strength of the 
Western blot signal, based on densitometric evalua- 
tion of scanned blots by SigmaScan/Image measure- 
ment software. Values were equal to ten times the 
inverse of the resulting peak intensity. All cancer pa- 
tient samples were assessed against healthy normal 
donor samples from the same Western blot in a single 
blind fashion. A minus (-) was assigned to those 
values below .08. A single plus ( + ) was assigned to 
values between 0.081-.240) (mean plus or minus 
three standard deviations), and was derived from 
cancer-free patients. A double plus ( + +) was the 
range from .241-.500, and samples greater than .500 
were assigned a triple plus (+ + +). 
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Clinical Material 

The general health of control volunteers (ages 25- 
35) was confirmed by health history. Stages of cancer 
C-D 2 were determined by relevant clinical and patho- 
logical information, and all had been or were under 
treatment', e.g., radiation, hormones. Earlier stage 
patients B,, B 2 were evaluated prior to treatment, and 
serum was obtained at that time. Knowledge of the 
clinical data was unknown to those performing the 
laboratory tests, until after the data were finalized. 
For the purposes of this report, further data were not 
collected, i.e., clinical progression, stable, etc., but 
will be available in future analyses when significant 
numbers of patients are accumulated. Benign pros- 
tate hyperplasia (BPH) diagnosis was based on clini- 
cal history. No BPH patient had received treatment. 
The degree and/or severity of the clinical condition 
was not quantitated.* Knowledge of the clinical con- 
dition was unknown to those performing the assays 
until after the data was recorded. 

RESULTS 

Identification of Positive Sera Using the 
LNCaP-Based Competitive Inhibition ELISA Assay 

Sera were initially identified from donors with ad- 
enocarcinoma of the prostate using the modified LN- 
CaP-based competitive inhibition ELISA assay [21. 
There were 12 sera from donors with stage B, to D 2 
adenocarcinomas of the prostate, which were posi- 
tive using the ELISA assay. The specific reactivity 
(SR) for normal donors was 0.886 ± 0.154 (mean ± 
SD, n = 45), and the cutoff value for positive results 
(mean m 3 SD) was calculated as 1.347. The range of 
positive values was found to be between 1.40-3.77, 
and 30% (6/20) of patients with localized prostatic car- 
cinoma (stages B 1 to and 38.5% (5/13) of donors 
with metastatic disease (stage D 2 ) were positive. All 
control sera (n = 45) were negative in the competitive 
ELISA assay. 

Identification of PSM by Western Blotting 

Lysates from ceil cultures of LNCaP, DU-145, and 
PC-3 were electrophoretically separated under reduc- 
ing conditions and blotted on PVDF membrane. Us- 
ing 7EU.C5 as the reporting antibody, an immuno- 
reactivity of a band at MS =110 kDa in lysates of 
LNCaP was present, but there was no change of sig- 
nificance in lysates of DU-145 or PC-3 (Fig. 1, lanes 
1-3). A strong immunoreactive band at = 110 kDa 
from normal human pooled seminal plasma was 
found (Fig. 1, lane 4), confirming the presence of 
PSM in human seminal plasma. 

Strong immunoreactivity (++) in Western blots 
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Fig. I. Western blots of pooled normal seminal plasma and de- 
tergent lysates of cultured LNCaP, DU-145. and PC-3 cell lines. 
Samples were run under reducing conditions on 8.5% SDS-PAGE, 
followed by electrophoretic blotting on PVDF. The reporting an- 
tibody was 7EI I.C5 (3 u.g/mi). Lane I, LNCaP lysace; lane 2, PC-3 
lysate; lane 3. DU-145 lysate; lane 4, whole pooled human seminal 
plasma. Molecular markers are expressed in kilodaltons, and PSM is 
found at = 110 kDa. 

was found at the expected molecular weight in 4 of 9 
serum samples from donors with localized adenocar- 
cinoma of the prostate (C-DJ, and a faint band was 
found in 4 of 9 samples (Fig. 2 and Table I). For do- 
nors with metastatic disease (DJ, 6 of 7 samples 
showed strong (+ +■ to + + 4-) immunoreactivity, 
and 1 of 7 showed no immunoreactivity (Fig. 2 and 
Table I). Several normal male sera also showed a light 
( + ) band at 110 kDa. Three BPH sera were also 
reactive ( + ) to (4- +). Densitometry quantitation of 
the = 110 kDa immunoreactive band from sera of D x 
and D 2 cancer patients was found to be 3-5 times 
greater than in sera from normal male donors. Whole 
sera diluted in loading buffer were not testable under 
our electrophoretic and blotting conditions, perhaps 
due to an excessive amount of protein on the gel. 

The best delineation of positive bands and an ac- 
ceptable chemiluminescence signal, along with a re- 
duction in background immunoreactivity, was 
achieved when serum samples were diluted in lysis 
buffer. Under these conditions, the serum could be 
diluted at 1:7 without affecting immunoreactivity. 

DISCUSSION 

Monoclonal antibody 7E11.C5 recognizes a pros- 
tate-specific marker, PSM, of molecular weight 110 
kDa, and may have a potential for being a useful tool 
in the diagnosis of prostate cancer [2]. In the present 
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Fig. 2. Western blots of normal and prostatic carcinoma serum 
run on SDS-PAGE under reducing conditions and elecirophoreti- 
caily blotted on PVDF. The reporting antibody is 7EI I.C5 (3 u-g/ 
ml). All sera were diluted 1:7 in lysis buffer (see Materials and 
Methods). Lane I , undiluted LNCaP lysate; lanes 2 and 3, stage D2 
donors; lane 4. sample from a donor with benign prostatic hyper- 
plasia: tane 5, stage Dl donor with a PSA level of 1 2.2; lane 6, stage 
Dl donor with a PSA level of 0.2. 



TABLE I. Qualitative Analysis of PSM Antigen Levels in 
Western Blots of Human Diluted Serum* 



Cap stage 


Number 
tested 




-»- 


4- 


+■ ■+■ + 


Normals 


7 


0 


7 


0 


0 


BPH 


3 


0 


2 


1 


0 


C 


2 


0 


2 


. 0 


0 




7 


1 


2 


4 


0 


o 2 


7 


1 


0 


2 


4 


Total 


26 


2 


13 


7 


4 



'Samples were qualitatively judged as to the strength of the West- 
ern blot signal, single-blinded. Patient samples are categorized as 
normals (noncancer donors, under the age of 35), BPH (benign 
prostatic hyperplasia), or as localized disease (stage C and D,), or 
metastatic disease (D^). The quantitation methods of the Western 
blots can be found in Materials and Methods. 



communication we report an increased serum con- 
tent of PSM by Western blotting in patients with 
stages C, D t , and D 2 prostate cancer. The antibody, 
modified by the addition of '"In, has been used suc- 
cessfully as an immunoscintigraphic agent in clinical 
trials in patients with prostatic cancers [3,4]. ■ At- 
tempts at developing a serum assay to detect the 
presence of PSM have been confounded by the ques- 
tion of whether the antigen is actually present in mea- 
surable amounts. Thus, detection of increased PSM 
in serum of prostate cancer patients by Western blot- 
ting supports the feasibility of a serum assay. 



In the report describing the LNCaP-based compet- 
itive inhibition ELISA assay, a significant increase in 
7E11.C5 antigen in 46.5% (20/43) prostatic cancer sera 
tested was reported (2]. In contrast, only 2.9% (3/103) 
of noncarctnoma of the prostate samples were posi- 
tive [2]. Thus, a significantly higher positive rate (P < 
0.0001, two-tail Fisher Exact Probability Test) in sam- 
ples from prostatic cancer donors than in normals or 
other malignancies was noted [2]. Fifty-five percent 
of donors with metastatic prostatic carcinoma were 
positive, compared to 29% with localized disease [2]. 
With the current modification of the LNCaP-based 
competitive inhibition ELISA assay, similar results 
were seen, i.e., 38.5% of donors with metastatic pro- 
static carcinoma and 30% of those with localized dis- 
ease were positive. 

We found strong immunoreactivity by Western 
blotting of undiluted seminal plasma, confirming ear- 
lier preliminary results [10]. Normal male serum and 
serum from untreated BPH patients contained PSM 
detectable by Western blotting. The LNCaP-based 
competitive inhibition ELISA assay, while demon- 
strating that PSM is potentially of use for the devel- 
opment of a serodiagnostic assay for prostate cancer, 
is not presently a commercially viable assay. How- 
ever, it appears that the increase in levels of PSM 
antigen in serum from prostatic carcinoma patients, 
compared to normals, is sufficient for the develop- 
ment of a new antibody-based detection assay mea- 
suring serum PSM levels. Such an effort, initially fo- 
cusing on developing a panel of additional second 
generation monoclonal antibodies suitable for new 
sandwich-type ELISA assays, is underway. 

CONCLUSIONS 

The prostate-specific marker PSM, as recognized 
by the monoclonal antibody 7E11.C5, is present in 
the serum of patients with adenocarcinoma of the 
prostate. The levels of this material in serum of pros- 
tate cancer patients are significantly higher than in 
those of normal male donors, as measured by West- 
ern blotting techniques, and this warrants the devel- 
opment of a new assay for PSM for detection and 
diagnosis of prostate cancer. 
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ABSTRACT 

rVosUte-specific membrane antigen (PSMA) is a type a integral mem- 
brane glycoprotein that was initially characterized by the monoclonal 
antibody (mAb) 7E11. PSMA is highly expressed in prostate secretory- 
acinar epithelium and prostate cancer as wed as in several extra prostatic 
tissues. Recent evidence suggests that PSMA is also expressed in tumor- 
associated neovasculature. We examined the immunofaistochemical char- 
acteristics of 7E 11 and those of four recently developed antf -PSMA mAbs 
(J591, J415, and Hybritech PEQ226.5 and PM2J004.5), each of which 
binds a distinct epitope of PSMA. Using the streptavidin-biotin method, 
we evaluated these mAbs in viable prostate cancer cell lines and various 
fresh-frozen benign and malignant tissue specimens. In the latter, we 
compared the localization of the anti-PSMA mAbs to that of the anti- 
endothelial cell mAb CD34. With rare exceptions, ail five anti-PSMA 
mAbs reacted strongly with the neovasculature of a wide spectrum of 
malignant neoplasms: conventional (dear cell) renal carcinoma ( II of 11 
cases), transitional cell carcinoma of the urinary bladder (6 of 6 cases), 
testicular embryonal carcinoma (1 of 1 case), colonic adenocarcinoma (5 
of 5 cases), neuroendocrine carcinoma (5 of 5 cases), glioblastoma multi- 
forme (1 of 1 cases), malignant melanoma (5 of 5 cases), pancreatic duct 
carcinoma (4 of 4 cases), non-small cell long carcinoma (5 of 5 cases), soft 
tissue sarcoma (5 of 6 cases), breast carcinoma (5 of 6 cases), and prostatic 
adenocarcinoma (2 of 12 cases). Localization of the anti-PSMA mAbs to 
tumor-associated neovasculature was confirmed by CD34 immunohisto- 
chemistry in sequential tissue sections. Normal vascular endothelium in 
noo-cam^-bearing tissue was consistently PSMA negative. The anti- 
PSMA mAbs reacted with the neoplastic cells of prostatic adenocarcinoma 
(12 of 12 cases) but not with the neoplastic cells of any other tumor type, 
including those of benign and malignant vascular tumors (0 of 3 heman- 
giomas, 0 of I hemangioendotheUoma, and 0 of 1 angiosarcoma). The 
mAbs to the extracellular PSMA domain (J591, J41S, and Hybritech 
PEQ226.5> bound viable prostate cancer cells (LNCaP and PO-PLP), 
whereas the mAbs to the intracellular domain (7E11 and Hybritech 
PM2J004 S) did not. All five anti-PSMA mAbs reacted with fresh-frozen 
benign prostate secretory-adnar epithelium (28 of 23 cases), duodenal 
columnar (brush border) epithelium (11 of 11 cases), proximal renal 
tubular epithelium (5 of 5 cases), colonic ganglion cells (1 of 12 cases), and 
benign breast epithelium (8 of 8 cases). A subset of skeletal muscle cells 
was positive with 7E1I (7 of 7 cases) and negative with the other four 
anti-PSMA mAbs. PSMA was consistently expressed in the neovascula- 
ture of a wide variety of malignant neoplasms and may be an effective 
target for mAb- based an tin eo vasculature therapy. 
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INTRODUCTION 

PSMA 3 is a type II membrane glycoprotein of M r -100.000 that 
was initially characterized by the mAb 7EI 1 (1, 2). Recent studies 
have confirmed the location of the PSMA gene on chromosome 1 lp 
and have demonstrated the existence of a related PSMA-like gene on 
1 Iq (3-5). Two variant forms of PSMA. initially predicted to exist as 
PSMA, and a spliced form, PSM\ have been subsequently confirmed 
PSMA is highly expressed in benign prostate secretory-acinax epithe- 
lium, prostatic intraepithelial neoplasia, and prostatic adenocarcinoma 
(2, 6-8), and evidence suggests that PSMA expression is greatest in 
high-grade and hormone-insensitive cancers (2. 9-1 1). A shorter, 
alternatively spliced and presumably cytosolic form of PSMA. named 
PSM\ is the predominant form expressed in benign prostate epithe- 
lium (12, 13). Several studies have shown that anti-PSMA mAbs bind 
to several nonprostate tissues, including duodenum and kidney (6. 14. 
15), and to the vasculature associated with solid malignant tumors 
(15, 16). 

The function of PSMA is currently under investigation. Pinto et at 
(17) demonstrated that PSMA has a folate hydrolase -type of activity 
because LNCaP cells were shown to hydrolyze -/-glutamyl linkages in 
methotrexate triglutamate. Others have demonstrated that PSMA has 
a neuropeptidase-type function (18, 19). On the basis of these enzy. 
malic characteristics, the nomenclature committee of the International 
Union of Biochemistry and Molecular Biology has recommended 
PSMA the formal name of glutamate carboxypeptidase (EC 3 4 17.2 
Ref. 20). 

The 7E1 1 antibody is a specific murine IgG mAb that was derive 
after immunization of mice with preparations from the LNCaP human 
prostate cancer ceU line (1). 7E1 1 has been well characterized and is 
known to bind an intracellular epitope of PSMA not present on PSM\ 
As a result, 7E1 1 does not bind viable prostate cancer cells (1, 16, 21). 
Modified by the addition of m In, 7E11 is used currently at some 
centers as an imaging agent in vivo. Clinical trials have demonstrated 
that this raoaoimmunoconjugate of 7E11, known as n, In-capromab 
pendetide. may be a useful adjunct in identifying and localizing 
metastatic or recurrent prostate cancer (22-25). 

A number of other anti-PSMA mAbs have been developed recently 
that bind epitopes that are distinct from that recognized by 7E1 1 (13, 
16). For example, the mAbs J59I, J415. J533. and E99 bind to the 
extracellular PSMA domain (16). Investigators at Hybritech Inc. (San 
Diego. CA) have identified and purified the mAb PEQ226.5. which 
binds the peptide backbone of the PSMA extracellular domain. In 
addition, investigators at Hybritech Inc. have identified PM2J004.5, 
which binds an epitope of the intracellular PSMA domain that is 
distinct from that bound by 7E11 (13). 

The purpose of this study was to compare the immunohistochem- 
ical profiles of four recently developed anti-PSMA mAb to that of 
7EU. Specifically, we evaluated these mAbs in prostate cancer cell 
lines, benign and malignant prostate tissue, benign nonprostate tissue, — 



3192 



3 The abbreviations used are: PSMA. prostate-specific membrane antigen; mAb, 
monoclonal antibody; OC, crgaD-coofined. 




PSMA EXPRESSION IN TUMOR- ASSOCIATED NEO VASCULATURE 



and a variety of malignant tissues. In the latter, we sought further to 
confirm PSMA expression in tumor- associated neovasculature. 

MATERIALS AND METHODS 

Tissue Specimens and Antibodies. The LNCaP. PC 3. and PC3-PIP fPC3 
cells cransfected with PSMA 4 ) were obtained from cell lines cultured in the 
George M. O'Brien Urology Research Center at Memorial Sloan- Kettering 
Cancer Center. Fresh-frozen tissue samples from male and female patients 
were randomly obtained from the Memorial Sloan -Kettering Cancer Center 
institutional tissue bank. Twenty different benign dssue types, including pros- 
tate tissue, were examined, as were the following tumor types: conventional 
(clear cell) renal cell carcinomas, transitional cell carcinomas of the urinary 
bladder, testicular-embryonal carcinoma, colonic adenocarcinomas, neuroen- 
docrine carcinomas, glioblastoma multiforme, malignant melanomas, pancre- 
atic duct carcinomas, non-small ceil lung carcinomas, soft tissue sarcomas, 
benign and malignant vascular tumors, breast carcinomas, and prostatic ade- 
nocarcinomas. The 7E1 1 mAb was provided by Cytogen. Inc. (Princeton. NJ). 
The J591 and J415 antibodies were recendy developed, and their characteris- 
tics were demonstrated previously (16). The mAbs PEQ226.5 and PM2J004.5 
were provided by Hybritech Inc. (San Diego. CA) and also described previ- 
ously (13). The anti-endothelial cell mAb CD34 (Immunotech. Coulter Com- 
pany, Opa Locka. FL> was used for comparative immunohistochemical reac- 
tions in all cancerous tissue types. 

Immunohistochemistry. LNCaP. PC3. and PC3-PIP were grown in cell 
culture wells to ~80% confluence. Immunohistochemical studies were then 
performed on the different cell types in either a viable or a fixed state. For 
fixation, the cells were treated with 10% buffered formalin for 10 min. The 
cells were then incubated with the different mAbs at 5 /ig/mJ at room 
temperature for 45 min. For live cells, after incubation with the primary 
antibody under the same conditions, the cells were then fixed in cold 10* 
buffered formalin for 10 min. The immunohistochemical reaction was com- 
pleted by the streptavidin-biotin method. Briefly, the sections were washed 
thoroughly in PBS, and biotinylated secondary antibody, horse ami- 
mouse IgG. was added for 60 min. After washing with PBS, streptavidin was 
added to the specimens for 60 min. and the slides were washed again in PBS. 
Next, the specimens were immersed for S min in a fresh solution of 0.06% 
diaminobenzidine tetrachloride and 0.01% hydrogen peroxide. Following 
washing, the sections were counters tained with hematoxylin, dehydrated, and 
mounted. 

Tissue samples were snap- frozen in OCT compound placed in isopentane 
and stored at -70°C. Multiple 5-/xm cryostat dssue sections were then cut and 
•Ixed in cold acetone (4°C) for 12 min. Prior to primary mAb incubation, the 
pec i mens underwent 30- min incubation with a normal horse blocking serum 
■20 in 2.0% BSA. The primary antibody incubations (5 jig/mi) were then 
performed with 7E1 1. J591. J415. PEQ226.5. PM2J004.5. and CD34 (in the 
cancer cases) for 60 min at room temperature. The remainder of the immuno- 
histochemical reaction was completed using the streptavidin-biotin method as 
described previously. In tissue with known significant quantities of endoge- 
nous biotin, the immunoperoxidase method was used with rabbit antimouse 
immunoglobulin-peroxidase as the secondary antibody (Envision; DAKO 
Corp., Carp in ten a, CA). In all tissue sections, negative controls were per- 
formed using blocking serum in place of the primary antibody. The immuno- 
histochemical reactivities of all of the mAbs were then evaluated and com- 
pared. 

RESULTS 

Tumor-associated Neovasculature. With rare exceptions, all five 
anti-PSMA mAbs bound tumor-associated neovasculature of nonpros- 
tatic tumors (Table I and Fig. 1). The neovasculature of one breast 
carcinoma and one soft tissue sarcoma (myxofibrosarcoma) showed 
no immunoreactiviry: however, both contained CD34-positive vascu- 
lature. The four cases of breast carcinoma with PSMA-positive neo- 
vasculature were ductal carcinomas, and the one PSMA-negative case 



4 J. B. Latoucbe and M. Sale lain, unpublished observations. 



Table 1 Results of PSMA urununohistockemistry in rumor cells and rumor -mzocuued 
neovascuiture 



No. of positive tumon/toui no. of 
tumors studied 






1 UILKX ^ "MIT 


- 

Neovasculature 


Conventional renal cell carcinoma 


(VI 1 


ll/ll 


Transitional cell carcinoma 


0/6 


6/6 


Testicular embryonal carcinoma 


(VI 


1/1 


Colonic adenocarcinoma 


0/5 


5/5 


Neuroendocrine carcinoma 


0/5 


5/5 


Glioblastoma multiforme 


m 


1/t 


Malignant melanoma 


0/5 


5/5 


Pancreatic duct carcinoma 




4/4 


Non-small cell lung carcinoma 


(V5 


5/5 


Soft dssue sarcoma 


0/6 


5/6 


Breast carcinoma 


0/6 


5/6 


Hemangioma 


on 


00 


Hemangioendothelioma 


0/1 


(V! 


Angiosarcoma 


0/1 


Q/l 


Angiolipoma 


(VI 


0/1 


Angiomyolipoma 


0/2 


on 


Prostatic adenocarcinoma 


12/12 


2/12 



was lobular carcinoma. Interestingly, only a small subset of pros- 
tate cancer specimens showed PSMA-positive neovasculature (2 of 
12 cases). In these cases, we found the CD34-stained sections to be 
useful in localizing so-called "hot spots" of neovasculature that we 
then compared to the anti-PSMA mAb-stained sections. This 
helped us confirm the location of vessels amid strongly PSMA- 
positive tumor cells. We noted no significant histological differ- 
ences between prostate cancers with PSMA-positive neovascula- 
ture and those with PSMA-negative neovasculature. In all of the 
tumors. 7EI I, J591. J415, PEQ226.5. and PM2J004.5 mAbs bound 
neovasculature in a like manner (Fig. 2). The results of CD34 
immunohistochemistry in sequential tissue sections confirmed lo- 
calization of the anti-PSMA mAbs to neovasculature endothelium 
(Fig. 2). In contrast to tumor-associated neovasculature, none of 
the anti-PSMA mAbs reacted with vasculature in the non-cancer- 
bearing tissue sections. The staining intensity of the external 
domain-binding mAbs (J591, J415, and PEQ226.5) in tumor-asso- 
ciated neovasculature was greater than that of the internal domain- , 
binding mAbs (7E1 1 and PM2J0O4.5). *>■ 

Malignant Tumor Cells. All 12 prostate cancer cases were 
strongly PSMA positive, and all nonprostate tumor cells were PSMA 
negative (Table I). All vascular tumors were CD34 positive but 
PSMA negative. 

Prostate Cancer Cell Lines. The external domain-binding mAbs 
(J591, J415, and PEQ226.5) bound viable LNCaP and PC3-PIP cells 
that are known to express PSMA. In contrast, the internal domain- 
binding mAbs (7E1 1 and PM2J004.5) did not bind viable LNCaP and 
PC3-PIP cells (Fig; 3). After formalin fixation, all anti-PSMA mAbs, 
including 7EII and PM2J004.5. reacted with LNCaP and PC3-PIP 
cells. None of the mAbs bound viable or formal in- fixed PC3 cells that 
are known to lack PSMA expression. . 

Benign Tissues. Although benign prostatic secretory-acinar epi- 
thelium displayed heterogeneous staining with the five mAbs. all 28 
benign prostate cases were PSMA positive. Immunoreactiviry was 
typically concentrated at the luminal aspect of the cytoplasmic mem- 
brane. Basal epithelium and stromal cells were PSMA negative. The 
immunoreactivity of the benign secretory-acinar epithelium was less 
intense than that of prostatic adenocarcinoma, and the staining inten- 
sity of the externa] domain- binding mAbs J591, J415, and PEQ226.5 
was greater than that of the internal domain-binding mAbs 7E1 1 and 
PM2J004J (data not shown). 

The anti-PSMA mAbs reacted with several of the 19 benign non- 
prostate tissues (Table 2). All five mAbs reacted with duodenal 
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Fig. 1. PSMA expression to tumor- associated oeovasculaiurc. Inunuoohistocbemical reactivity with external domain- binding and- PS MA mAbs J591 or PEQ226J to representative 
cancer types. A. J591. breast cancer. B, PEQ226-5. transitknal cell carcinoma of (be urinary bladder, C J591, malignant melanoma; D, PEQ226.5. noo-small cell lung carcinoma: E. 
J591. soft tissue sarcoma; and F, J591, 



columnar (brush border) epithelium (11 of 11 cases), renal proximal 
tubular epithelium (5 of 5 cases), benign breast epithelium (8 of 8 
cases), and colonic ganglion cells (1 of 12 cases). In skeletal muscle, 
a subset of muscle fibers were positive only with 7E11 and negative 
with the other four mAbs (Fig. 4). The vasculature in all benign 
tissues was uniformly PSMA negative. The staining intensity of these 
PSMA-positive benign tissues was less than that of prostate cancer 
and tumor-associated neovasculature. 

DISCUSSION 

Our study confirms PSMA expression in the neo vasculature of a 
wide spectrum of malignant neoplasms. Specifically, we found PSMA 
expression in various epithelial tumors (carcinomas), neuroendocrine 
tumors, and mesenchymal tumors (soft tissue sarcomas) and in ma- 



lignant melanoma and glioma. In contrast to previous studies, we used 
five anti-PSMA mAbs. each of which binds a different epitope of the 
intracellular or extracellular PSMA domain. Thus, our results provide 
further evidence that PSMA, rather than a PSMA-like molecule, is 
expressed in tumor-associated neo vasculature. Also in contrast to 
previous studies, we confirmed localization of PSMA to endothelial 
cells with the mAb CD34. an ami -endothelial cell marker used to 
study angiogenesis and determine microvessel density (26-30). 

Our findings are consistent with previous studies showing PSMA 
expression in tumor-associated neovasculature. For example. Silvers 
al (15) demonstrated 7E1 1 binding and "neoexpression of PSMA in 
endothelial cells" in a subset of tumors, including renal cell carcinoma 
(unspecified type), transitional cell carcinoma of the urinary bladder, 
and colonic adenocarcinoma. More recently, Liu et al. (16) studied 
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fig. 2. Binding profile of the five anti-PSMA mAbs and CD 34 in the aeovasculature of conventional (clear cell) renal cell carcinoma. A. H&E-stained section; 5. CD34; C. 7E1 1; 
D. J591; E. J4I5; F, PEQ226.5: and G, PM2J004.5. 



four external domain-binding anti-PSMA mAbs (J591. J415. J533. 
and E99) and showed that each bound the tumor- associated neovas- 
culature in several nonprostatic carcinomas. Although it is unclear 
whether PSMA is produced by endothelial cells of rumor-associated 
neovasculature or whether it is produced in other tissues and seques- 
tered from the serum, we favor the former because PSMA is expressed 
only in a limited number of benign tissues and in prostate cancer but 
is not expressed in other malignant cell type. In addition, circulating 
PSMA has not been demonstrated in serum. 5 Additional studies, 
however, are necessary to confirm this hypothesis. 
We found that endothelial cell expression of PSMA was restricted 



3 H. Liu and N. H. Bander, unpublished observations. 



to the neovasculature of malignant neoplasms. In fact, neither the 
vascular endothelial cells of benign tissues nor the neoplastic cells of 
vascular tumors expressed PSMA. These results suggest that endo- 
thelial cell-PSMA expression may be stimulated by one or more 
tumor- secreted angiogenic factors. The fact that all of the vascular 
neoplasms we studied, including the one example of angiosarcoma, 
were PSMA negative is not surprising, given that in these tumors, the 
endothelium itself is neoplastic and, presumably, not stimulated by 
angiogenic factors. The presence or absence of PSMA expression in 
benign neovasculature (e.g.. granulation tissue, endometrium, and so 
on) remains to be established. 

The neovasculature associated with OC prostatic adenocarcinoma 
only rarely expressed PSMA. Others also have found no detectable 
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Rg. 3. Comparative imiminohistochcmistry in viable PSMA -ex pressing PC3-PIP cells. 
A. 7E1 1 demonstrating no immunorcactivity. 8. J591 demonstrating positive tmmunore- 
activity with live cells. 



postulated thai 7E 1 1 binds predominantly to apoptotic cells within 
prostate cancer sites in vivo- Apoptotic cells, unfortunately, comprise 
onJy a minority of the total prostate tumor-cell population. This, no 
doubt, has contributed to the relatively low sensitivity of m tn- 
capromab pendetide as an imaging agent for prostate cancer. In this 
regard, targeting the extracellular PSMA domain with radioimmu no- 
conjugates may enhance prostate cancer cell labeling in vivo. 

The results of several but not all immunohistochemical studies 
using the 7E1 1 mAb have shown that PSMA is expressed in a limited 
number of nonprostatic tissues (I. 6. 15). Our findings support the 
results of other studies showing PSMA expression in duodenal (brush 
border) epithelium and renal proximal tubular epithelium but suggest 
that PSMA expression in these tissues is less than it is in prostate 
cancer and tumor- associated neovasculature (15. 16). Duodenal 
brush-border epithelium has high levels of folate hydrolase activity 
that is essential for folate absorption (17). This folate hydrolase 
activity is localized to the luminal membrane and is consistent with 
the staining pattern of the artti-PSMA mAbs. Proximal renal tubular 
epithelium also actively reabsorbs folate through the luminal mem- 
brane (32). Halsted et ai (33) found significant sequence homology 
between pig intestinal folate hydrolase (folypoly-gamma-glutamate 
carboxypeptidase ) and human PSMA. suggesting that human duode- 
nal membrane folate hydrolase may represent PSMA. Alternatively, it 
may represent a closely related enzyme that cross-reacts with anti- 
PSMA mAbs. In contrast to previous studies, we found consistent 
PSMA expression in mammary ductal epithelium. The reasons for our 
conflicting results are unclear: however, previous studies showing no 
PSMA expression in breast may have included specimens with inad- 
equate amounts of ductal epithelium. One of our 12 colon specimens 
displayed PSMA expression in ganglion cells. The relatively sparse 
immunorcactivity observed in colonic ganglia may be indicative of 
peripheral neuronal PSMA expression previously described in non- 
myelinating, perisynaptic Schwann cells near motoneuron terminal 
endplates (34). 

The staining profile of skeletal muscle is unique, in that a subset of 
cells is positive with only 7E11. Liu et ai. (16) also showed a subset 
of skeletal muscle cells bind 7E11 and not other anti-PSMA mAbs. Of 



Table 2 Results of PSMA immunohisiochemistry using five different anii-PSMA mAbs 
in fresh-frozen benign tissue 

No. of positive cases/total no. of cases studied 



PSMA expression in OC prostate cancer-associated neovasculature (9, 
15). These observations are remarkable given the ubiquity of PSMA 
expression in tumor-associated neovasculature of other cancer types. 
They are. however, not altogether surprising, given the histological 
features of OC prostate cancer. For example, in contrast to many other 
epithelial tumors such as ductal carcinoma of the breast or pancreas, 
OC prostate cancer typically is not associated with an exuberant 
host-stromal reaction. Lobular carcinoma of the breast, like prostatic 
adenocarcinoma, typically does not induce a marked desmoplastic 
stromal response. Interestingly, the one breast cancer specimen in our 
series with PSMA-negative neovasculature was an example of lobular 
carcinoma. These results suggest that PSMA expression in tumor- 
associated neovasculature may be related to the degre^and nature, of 
neoangiogenesis. The relationship between primary tumor stage in 
different malignancies and PSMA expression in neovasculature is 
unknown. 

Consistent with most previous studies, we found that mAbs to the 
intracellular PSMA domain (7E1 1 and PM2J0O4 J) do not bind viable 
prostate cancer cells, whereas mAbs to the external domain (J591, 
J415, and PEQ226.5) do bind live cells (16, 21). OnJy one study has 
reported 7E11 binding with viable prostate cancer cells (31). It is 
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Tissue 


7EI1 


J59I 


J415 


PEQ226.5 


. PM2J004.5 


Prostate 


28/28 


28/28 


28/28 


28/28 


28/28 


Lung 


0/5 


0/5 


0/5 


0/5 


0/5 


Brain 


0/3 


0/3 


on 


on 


on 


Digestive system 












Parotid 


0/5 


0/5 


0/5 


0/5 


0/5 


Esophagus 


0/4 


0/4 


0/4 


0/4 


0/4 


Stomach 


0/6 


0/6 


0/6 


0/6 


0/6 


Duodenum 


11/11 


11/11 


11/11 


11/11 


11/11 


Ueum 


on 


on 


on 


on 


on 


Colon 


1/12 


1/12 


1/12 


1/12 


1/12 


Pancreas 


on 


0/7 


on 


on 


on 


Liver 
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fig. 4. Skeletal muscle. A. H&E-staioed section. B. 7EU immunohistochemicaJ stain 
showing positive reaction in a subset of cells. C PM2J004.5 immunohistochemicai stain 
showing no reactivity. 



note is th e fact that the other internal domain -binding anti-PSMA 
mAb. PM2J0O4.5. did not bind skeletal muscle. Thus, it is likely that, 
in skeletal muscle, 7E1 1 uniquely cross-reacts with either a yet to be 
defined PSMA-like or a PSMA-unrelated molecule. The patchy dis- 
tribution suggests that expression of this molecule may be restricted to 
either fast-twitch or slow-twitch muscle fibers. 

Novel PSMA-based prostate cancer therapies, including anti- 
PSiVlA mAb-based therapies, are currently under investigation (35- 
37). The results of our study indicate that anti-PSMA mAb-based 
diagnostic and therapeutic modalities may be expanded to include 
amineovasculature targeting for a wide variety of malignant neo- 



plasms. The importance of angiogenesis in neoplasia is well docu- 
mented (38-40), and endothelial cell expression of PSMA appears 
highly restricted to tumor-associated neovasculature and may repre- 
sent a novel target for an tineo vasculature based therapy. Recent in 
vivo localization by the "'in-labeled 7E11 mAb to a conventional 
(clear cell) renal cell carcinoma demonstrates the potential clinical 
utility of anti-PSMA mAbs in a nonprostate cancer (41>. Enthusiasm 
for mAb-based therapy, however, must be tempered by the fact that 
PSMA is expressed in several benign tissue types; the potential side 
effects of anti-PSMA mAbs on these tissues in vivo is unknown. 
However, other mAbs that are currendy in clinical trials or Food and 
Drug Administration-approved for clinical use. also are not tumor 
specific and bind antigens expressed in benign tissues (42. 43). 
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produced 25.3% and 64.9% lysis cf SKOV3 certs, respectively. The 8102 ■< 
NM3E2 scFv, promoted cytotoxicity at concentrations as low as lOOog/rrtl. Thus, 
high affinity binding to tumor antigens increases oisoeciftc scFv- -mediated cy- 
totoxicity, possibly because the slow oil -rate of me nigner affinity bisoectfic scFv 2 
oroiongs its ccH surface retention. Additional bisoectfic constructs are currently 
being tested to further examine the rote of affinity over a 10.000-fold range of Kq 
values. 



#2993 Antibody- TNF fusion constructs targeting HER2 can overcome 
HER2- mediated resistance to TNF. flosenolum. M.. Parakh. C Horn, S.. and 
Cheung, L Umverstty of Texas— M.D. Anderson Cancer Center. Houston. TX 
77030. 

Overexpression of the proto-oncogene HER2/NEU in breast cancer and certain 
other tumors appears to be a central mechanism which may be partfy responsible 
for crtfuiar progression of the neoplastic phenotype. Transfection studies with 
HER2/N6U results in reduced sensitivity to TNF' 3 cytotoxic effects and reduced 
sensitivity to immune effector killing. The single-chain recombinant antibody 
sfv23 recognizes the cell -surface domain of HER2. The cONA for this antibody 
was fused to the cONA encoding human TNF and this fusion construct was 
cloned into a piasrmd for expression in E. coli. The fusion protein was expressed 
as insoluble inclusion bodies and renatured after solubilization in 6M guanidine 
and punfied by ion exchange cnromatograohy. SDS-PAGE demonstrated a single 
band at the exoected molecular weight (43 kOa). The fusion construct was tested 
for TNF activity against L-929 cells and found to have TNF activity (S.A. 420 nMV 
The construct was also tested by EUSA for binding agamst SKBR-3 {HER2 
positive) ceils. Cytotoxicity studies against SK8R-3 cells demonstrate that the 
sfv23/TNF fusion construct was 500 fold more active than free TNF and therefore 
apparently able to overcome the HER -2 mediated resistance to TNF. Further in 
vitro studies to examine the biological oroperties of this agent are ongoing. 



#2994 Characterization of Anti-HER-2 Monoclonal Antibodies Which In- 
hibit the Growth of Breast Cancer Cell Lines. Ilgen. A.. Ghetie. M.. Shen. G.. Li. 
J.. Lihr, j. and £. Vitetta. Cancer Immunooiology Center, UT Southwestern Med- 
ical Center. 

HER- 2. or c-erbB-2. is a member of the £GF receptor family. Overexpression of 
the -.vtla type HER -2 protein, as is ooserved on numerous carcinomas, leads to 
hyperactivity of the kinase and confers a significant growth advantage on cells. 
Numerous groups have generated monoclonal antibodies (MAbs) against HER -2 
whtcn inhibit the growth of breast cancer cell lines. Our research had three goals: 
to understand the mechanisms by wmcn anti- HER-2 MAbs inhibit the growth of 
breast cancer ceils, how the physical properties of the MAbs related to their 
mechanism of inhibition, and how we can optimize the anti-tumor activity of these 
MAbs. We generated a panel of 1 13 Mabs against HER-2 in this manner. 12 of 
wmcn inhibited the growth of a oanei of HER-2-overexpressing breast cancer 
ceils. To understand the mechanism of inhibition of growth, we determined 
whether the MAbs induced ceil cycle arrest and/or apoptosts in treated ceils. We 
found that each of these 1 2 MAbs signaled the cells to undergo varying degrees 
of aoootosis and/or cell cycle arrest and that the signaling capabilities of the 
Mabs correlated with both the extent of overexpression of HER-2 on the breast 
cancer cell lines and the affinity of the MAbs. Our next step will be to determine 
whether MAbs and immunotoxms against different epitopes on the HER-2 mol- 
ecule are able to synergistically inhibit the growth of the breast cancer cells. 



#2995 Anti- metastatic therapy of MDR human lung cancer with anti-P- 
glycoprotein antibody and monocyte chemoattractant protein- 1 gene trans- 
duction in SCID mice. Nokihara. H.. Hanipucht. M., Yanagawa. H., Shinohara. T„ 
Fujiki. F.. Nishinuraa. N.. Parajuli. P.. Tsuruo, T.. and Sone, S. Third Department 
of internal Medicine. Tokushima University School of Medicine, Tokushima 
770Jaoan. and institute of Molecular and Cellular Biosciences, The University of 
Tokyo. Tokyo 1 13. Japan. 

Distant metastasis is a critical problem in the therapy of human lung cancer. In 
this study, we investigated whether transduction of the monocyte chemoattrac- 
tant protein- 1 (MCP-1 )-gene into muttidrug-resistant (MOR) human lung cancer 
cells affected the inhibition of their metastases by the an ti-P -glycoprotein (P-gp) 
monoclonal antibody MRK16. MDR human small cell lung cancer (SCLQ. H69/VP 
cells, were transduced with human MCP-1 -gene inserted into an expression 
vector (BCMGSNeo). MCP-1 -gene transduction had no effect on the expression 
of P-gp. drug sensitivity to etoposide or the in vitro proliferation. In the metastatic 
model of NK-ceil depleted SOD mice, the number of metastatic colonies of 
MCP-1 -gene transduced H69/VP cells were similar to those of parent or mock- 
transduced ceils. However, systemic treatment with MRK16 was more effective in 
inhibiting the metastasis of MCP-1 -producing H69/VP than mock-transduced 
cells. These findings suggest that local production of MCP-1 in tumor site may 
increase the anti-P-gp antibody dependent cell-mediated cytotoxicity. This can 
be a useful immunological strategy to inhibit the metastasis of MOR human lung 
cancer celts expressing P-gp. 



'#2996/ Alpha particle emitter therapy of micrometastases: ,<,a 8Kj ? „ 
SMA) treatment of LNCaP spheroids, Yang. W-H.. Sauangruo. a • 
McOevrtt. M.R. Fmn. R-A-. Geertings. M.. Bander N.. Scneinoerg. 0-A.. 
Sgouros. G. Memonai Stoan-Kettenng Cancer Center. NY. NY 10021. P+ttr-] 
unsum. inc. Wilmington, OB 19801. Cornell University Medical Center. NY ' 
10021. 

Multicellular spheroids were used to investigate the feasibility of eradicat-* 
micrometastases with radiolabeled antibodies. Spheroids of LNCaP (LN31 t , 
were exposed to 2 concentrations of b*smuth-213-laoeied J591 antibody (50 * 
1 00 nCd for ■* different incubation durations {1S.30.60 mm and 1 8 h). J591 tarc- 
an extracellular eprtooe of the prostate-specific membrane antigen fPSMA). »** 
emits alphas of 60 to 90 nm range: it has a 45.6 mm. half -life. 24 spheroids, of ' 
to 200 yum diameter were used for each expenment. Growth curves were ootar 
(or each spheroid up to day 70. post-incubation. * 13 B»-HuMl95 <anti-C033l, * 
used as a 'hot - control. Spheroids exposed to 1 00 ^Ci m BI-J591 for moreV 
15 mm. did not re-grow; controls showed growth delay but re-grew exct 
following an 18 h incubation. The growth of spheroids exposed to 50 _ 
213 Bi-J59l was arrested only after an 18 h exposure; at days 33 and 68. meoi 
volume ratios of 400 and 7400 between hot control and specific antibody 
obtained. The results demonstrate feasibility and efficacy in using antibocie 
labeled with alpha particle emitting radionuclides to target small cluster of tun- 
ceils or micrometastases. The results obtained using this spheroid model may - 
used, in combination, with mathematical modeling to evaluate different treatm* 
protocols against micrometastases and to optimize such a treatment approsc 



#2997 A novel humanised antibody against Prostate Specific Membrv 
Antigen (PS MA) tor in vivo targeting and therapy. Hamilton, A. King, S., Liu. - 
Moy. P.. Sander. N.. and Carr. F. Btovation Ltd. Aberdeen A824 3RY, . 
Department of Urology, The New York Hospital-Cornell Medical Center. Xt 
York. NY 10021, Ludwtg Institute for Cancer Research. New York Brancn. .V< 
York. NY 10021. 

A munne monoclonal antibody (mAb). J591. is directed the against the exr* 
ceilular domain of PS MA. an integral membrane protein of prostate caroncr 
and of tumour vascular endothelium of a wide vanety of cancers, but not 
normal endothelium. The mAb was "humanised"* by a novel method invotvr 
specific deletion of human S and T cell eprtopes. to remove B cell eprtooe 
surface exposed residues in the frameworks of the murine J591 heavy and tic- 
cnain vanaole region <V M and VJ seauences were substituted by the correscor ; 
ing residues from selected human germ-line V„ and V,_ seauences fsurfK 
humanisatjon"). For detection and elimination of T cell epitopes, a database : 
human MHC class II binding peptides was searched for motifs present if* r 
substituted V M and V L sequences and <n addition a novel computer modetii* 
approach termed "peptide threading" was applied. Motifs, unless also present ' 
human germ -line antibody sequences, were deleted by substituting single aim- 
acids, preserving the CDRs. The final sequences were re-cnecked for new Mh . 
class II motifs. The designed V H and V L regions were constructed by mutagener 
of the murine V H and V L . Human IgGl or * constant regions were added and ? 
composite genes transfected into NS0 ceils to produce complete reepmbina' 
antibodies. These antibodies bound to PSMA (on LNCao cells) as efficiently as tr 
original murine antibody, and are expected have little or no immunogenicity 
man. 



#2998 Serum TA90 immune complex correlates with recurrence folio* 
ing adjuvant immunotherapy for regional metastatic melanoma. Hsu en. £.€ 

Gupta. R.K., Yee, fl.. Leopoldo. 2.. Qi. K.. and Morton. 0.L John Wayne Canct 
Institute. Santa Monica. CA 90404. 

We previously re coned a significant correlation between clinical evidence : 
melanoma and the presence of a circulating immune complex (tC) composed - 
a 90-kD tumor-associated antigen (TA90) and anti-TA90 antibody. In the preser 
study we hypothesized a correlation between TA90-IC and clinical recurrence c 
melanoma following tymphadenectomy and postoperative adjuvant immunothe? 
apy. We studied 100 melanoma patients who had undergone resection of nod 
metastases and postoperative adjuvant therapy with a polyvalent melanoma ce 
vaccine (PMCV), and from whom serum samples had been obtained after surgics 
resection but pnor to initiation of vaccine therapy. These serum spec im e ns werf 
retrieved from cryopreserved storage, coded, and tested in a blinded manner fc 
TA90-1C. Median follow-up was 25 months (range. 18-78 monthsi. By unrvarir* 
analysis with log rank test, a positive TA90-IC level was highly correlated wnr 
recurrence. Median disease-free survival and 3-year disease-free survival rat* . 
were 3 months and 12%. respectively, for the 50 patients with a positive TA&- 
level, compared with >25 months and >53%, respectively, for the 50 patiefl'- 
with a negative TA90 level (p =0.0001). Multivariate analysis with Cox proportion* 
hazard regression considered TA90. number of positive lymph nodes, size : 
involved lymph nodes, extranodal extension, and disease-free interval: TAS-* 
positivity was the most significant independent variable correlating with disease- 
tree survival (p-0.0001). These data indicate that the presence of TA90-IC f 
patients with, no clinical evidence of melanoma postoperatively is highly corre- 
lated with subsequent disease recurrence. 
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Measurement of Prostate-Specific Membrane 
Antigen in the Serum With a New Antibody 

G.R Murphy, W.T. Tino, E.H. Holmes, A.L. Boynton, SJ. Erickson, 
V.A. Bowes, RJ. Barren, B.A. Tjoa, S.L. Misrock, H. Ragde, 

and G.M. Kenny 

Pacific Northwest Cancer Foundation, Cancer Research Division, Department of Molecular 
Medicine, Department Cell Surface Biochemistry, Northwest Hospital, Seattle, 
Washington (G.P.M., W.T.T., E.H.H., ALB., SJ.£, VAB., R.J.B., BAT., H.R., G.M.K.); 
Pennie and Edmonds, 1 155 Avenue of the Americas, New York, New York (S.LM.) 

ABSTRACT: Work to date has identified prostate-specific membrane antigen (PSMA) as 
a membrane-bound glycoprotein with high specificity for prostatic epithelial cells. PSMA 
reacts with the monoclonal antibody 7E11.C5, which is present in serum, seminal fluid, and 
prostatic epithelial cells, and is increased in its expression in the presence of a hormone 
refractory state associated with prostatic cancer. This report confirms these results and 
further documents the presence of the monoclonal antibody 3F5.4G6, which reacts with the 
extracellular domain of PSMA. This region of PSMA is also an element present in a truncated 
version of the protein, so-called PSM'. Immune precipitation with either 7E11.C5 or 3F5.4G6 
yields an isolated protein species that are reactive with the reciprocal antibody in Western 
blot analysis. Thus, t 3F5.4G6 recognizes the same PSMA protein as does 7E11.C5, but at 
different epitopes on essentially opposite ends of the molecule. These two antibodies are 
well suited for use in a sandwich immunoassay, either one as a capture or detection anti- 
body. Current work on this is underway. 

This report also confirms that 7E11.C5 Western blots for PSMA are negative with normal 
human brain tissue. The monoclonal antibody 9H10 does not react with 3F5.4G6 or with 
7E11.C5 in studies conducted herein. Moreover, 3F5.4G6 reacts with PSMA found in the 
LNCaP cell line, but not DU-145 or PC3, which lack PSMA. © 1996 Wiley-Liss, Inc. 

KEY WORDS: prostate-specific membrane antigen (PSMA), prostate cancer, prostate 
marker 



INTRODUCTION 

We have previously described an antibody 
7E11.C5 that can, by enzyme-linked immunosorbent 
assay (ELISA) (with another antibody 9H10) or by 
Western blot, detect in prostate cancer patients a 
protein called prostate-specific membrane antigen 
(PSMA) [1-3]. To validate this observation further, 
we collected sera in a prospective multicenter study. 
The sera were run on a double-blind basis without 
knowledge of the clinical state, or the presence or 
absence of prostate cancer [4], Furthermore, we com- 
pared levels of prostate-specific antigen (PSA) con- 
currently with PSMA values [4], The elevated PSMA 
levels predicted a state of clinical progression or clin- 



ical resistance in most cases (>70%). PSMA levels 
were of better prognostic value than PSA [4]. Despite 
these observations, there have recently been publica- 
tions questioning whether PSMA was present in the 
serum [5,6]. We have completed a series of experi- 
ments which validate our original observations, and 
herein report such. 
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MATERIALS AND METHODS 

Cell Lines and Reagents 

P3X63Ag8U.l (X63), an HPGRT-negative mouse 
myeloma cell line (CRL 1597 from ATCC, Rockville, 
MD), was maintained in 90% RPMI-1640: 10% Fetal 
Clone (HyClone, Logan, UT) supplemented with 2 
mM L-glutamine, penicillin/streptomycin, and 1 mM 
sodium pyruvate. Rabbit antimouse IgM and anti- 
mouse IgG were purchased from ICN (Costa Mesa, 
CA). Peroxidase-labeled goat antimouse IgG and goat 
antimouse IgM were purchased from Kirkegaard and 
Perry Laboratories (KPL, Gaithersburg, MD). LN- 
CaP, a prostate cancer cell line (CRL 1740, from 
ATCC, Rockville, MD) expressing PSMA, was main- 
tained in 95% RPMI-1640/5% fetal calf serum (FCS). 

Preparation of Immunogen 
and Immunization of Mice 

PSMA-derived peptide 716-723 (NH 2 -ESKVD- 
PSK-) was coupled to keyhole limpet hemocyanin 
(KLH) as a carrier protein using the EDC coupling 
method of Pierce (Rockford, IL). The peptide-carrier 
complex was emulsified in incomplete Freund's ad- 
juvant (Sigma, St. Louis, MO) containing 1 mg/ml 
muramyl dipeptide (MDP, Pierce) at a final concen- 
tration of 250 |xg/ml. BALB/c mice were immunized 
subcutaneously with 100 yA of the emulsified peptide- 
carrier complex every 2 weeks. Following the third 
injection, blood was obtained from the mice and their 
sera were tested for antipeptide antibodies in a pep- 
tide-specific radioimmunoassay (RIA). Spleens from 
donor mice demonstrating an antipeptide titer of 
1:1,000 or greater were used in a fusion protocol with 
X63 myeloma cells. 

Fusion Protocol and Initial Screening for 
Antipeptide Producing Hybridomas 

Three days prior to fusion, the donor mouse was 
immunized intraperitoneally with 50 jxg of peptide- 
carrier complex in saline. The spleen was aseptically 
removed, and a single cell suspension was prepared 
in RPMI-1640 medium without serum. The spleno- 
cytes were added to X63 myeloma cells at a ratio of 
10:1, and the fusion was performed by the method of 
Galfre and Milstein [7]. Following fusion, the spleno- 
cyte-myeloma mixture was resuspended in 80% 
RPMI-1640/20% Fetal Clone supplemented with ami- 
nopterin, to act as a selective medium for hybridoma 
growth and plated in 200-|xl volumes into sterile 96- 
well microtiter plates. 

Ten to 14 days following fusion, 50 pJ of cell cul- 
ture supernatant from the individual wells was re- 
moved and tested in an RIA for peptide-specific an- 
tibodies. Briefly, the supernatants were added to 



wells of a Pro-Bind plate (Falcon) coated with PSMA- 
peptide coupled to bovine serum albumin (BSA) by 
the EDC method referenced above and blocked with 
BSA. Following an overnight incubation at 4°C the 
plates were washed 4 times with PBS-0.1% BSA. Fifty 
jxl of a 1:500 dilution of rabbit antimouse IgM and 
antimouse IgG was added to each well, and the plates 
were incubated for 1 hr at room temperature. Follow- 
ing four washes, 50 |xl of 125 I-Protein A (-10 5 cpm/ 
well) was added to each well and the plates incubated 
for an additional hour at room temperature. The 
plates were washed four times and exposed to X-ray 
film (Kodak, X-OMAT) overnight and developed. 
Positive wells showing antipeptide-specific antibod- 
ies were identified from the exposed film and the cells 
from the positive wells were expanded in 90% RPMI- 
1640/10% Fetal Clone for further testing. 

Western Blot Analysis of Primary Hybridomas 
for anti-PSMA Antibody 

Supernatants from the expanded antipeptide-reac- 
tive primary hybridomas were tested in a Western 
blot assay for the presence of anti-PSMA antibodies. 
Western blot analysis was performed following the 
protocol of Pelletier and Boynton [8]. Briefly, lysates 
from LNCaP cells, a prostatic tumor cell line that ex- 
presses PSMA, were electrophoresed on an 8.5% gel 
by sodium dodecyl sulfate-polyacrylamide gel elec- 
trophoresis (SDS-PAGE), and the separated proteins 
were electroblotted onto a PVDF membrane for 1 hr 
at 90 V. The membranes were blocked overnight in 
5% milk-TBS. The blocked membrane was placed in a 
multiscreen apparatus (BioRad), and approximately 
650 \il of hybridoma supernatant was pipetted into 
individual lanes. Following a 90 minute incubation at 
room temperature the blot was removed from the ap- 
paratus, washed five times for 5 min in TBS-0.5% 
Tween-20 (TBS-T), and probed with 167 ng/ml of per- 
oxidase-labeled goat antimouse IgG secondary anti- 
body (KPL, Gaithersburg, MD) for 30 min at room 
temperature. The membrane was washed five times 
for 5 minutes with TBS-T, and the membrane was 
developed using the Chemiluminescent Substrate Kit 
(KPL). The blot was visualized by exposing X-ray 
film. Positive hybridomas (anti-PSMA reactivity) 
were identified and selected for further development. 

Cloning by Limiting Dilution, Testing Clones, and 
Purification of Monoclonal Antibody 

Primary hybridomas identified by their anti-PSMA 
reactivity were cloned by limiting dilution. Briefly, the 
cells were adjusted to a final concentration of 1 cell/ml 
of RPMI-1640-10% Fetal Clone containing 10 5 synge- 
neic thymocytes as a feeder cell population. Two hun- 
dred til of cell suspension was pipetted into wells of 
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sterile 96-well microtiter plates and cultured for 7-10 
days, or until single colonies of cells were visible. 
Wells containing single colonies were picked, and the 
clones were expanded in 24-well plates. Supernatants 
from the clonal cultures were harvested and tested for 
anti-PSMA reactivity in the Western blot assay de- 
scribed above. Clones producing anti-PSMA mono- 
clonal antibody were expanded, and the cells were 
used for the generation of high titer ascites fluid. The 
monoclonal antibody 3F5.4G6, an IgM class anti- 
PSMA antibody, was purified from ascites fluid using 
the ImmunoPure IgM Purification Kit (Pierce, Rock- 
ford, IL). 

Immunoprecipitation of PSMA from LNCaP 
Tumor Cells Using 3F5.4G6 Monoclonal Antibody 

Approximately 10xl0 6 LNCaP tumor cells were 
incubated with 1 ml of NP-40 lysis buffer (150 mM 
NaCl, 1% NP-40, 50 mM Tris, pH 8.0) for 30 min at 4°C. 
The lysate was centrifuged at 12,000 rpm for 5 min to 
remove cellular debris and the resultant supernatant 
was precleared by incubation with 50 \jA of normal 
mouse serum (Sigma) for 30 min followed by the ad- 
dition of 60 |xl of a 20% suspension of antimouse IgM- 
coupled agarose beads (Sigma). Following 1-hr incu- 
bation at 4°C, the supernatant was centrifuged at 
12,000 rpm to remove the beads, the resultant super- 
natant was used in an immunoprecipitation protocol 
with 3F5.4G6 monoclonal antibody. Ten fig of purified 
3F5.4G6 monoclonal antibody was added to the su- 
pernatant and incubated for 1 hr at 4°C. One hundred 
IjlI of a 10% suspension of antimouse IgM-coupled 
agarose beads was added, and the supernatant was 
incubated for an additional hour at 4°C The samples 
were centrifuged at 12,000 rpm, and the agarose beads 
were washed three times with NP-40 lysis buffer. The 
agarose beads were resuspended in 30 \l\ of sample 
buffer (SDS reducing buffer) and heated for 10 min at 
95°C. Following a brief centrifugation at 12,000 rpm, 
the sample was run on an 8.5% SDS-PAGE gel, and 
the separated proteins were electroblotted as de- 
scribed above. A Western blot assay as described 
above was performed on the samples using the 
PSMA-specific monoclonal antibody 7E11.C5 as the 
reporting antibody. 

In additional controlled studies, the 9H10 mono- 
clonal antibody was employed. This antibody reacts 
with an unknown protein on the surface of only LN- 
CaP cells as was initially described, in contrast to 
7E11.C5, which reacts to prostate epithelial cells [3]. 

RESULTS AND DISCUSSION 

PSMA is a membrane-bound glycoprotein that 
shows high tissue specificity for prostatic tissues. 




7E11.C5 3F5.4G6 

Fig, I . Western blot assay of LNCaP lysate using 7E 1 1 .C.5 (lane 
I) and 3F5.4G6 (lane 2) monoclonal antibodies and developed with 
HRP-anti-IgM secondary antibody. It should be noted that 3F5.4G6 
recognizes a protein of M r 1 20 kDa, which is similar, if not identical, 
to the protein recognized by 7EI I.C5. 3F5.4G6 monoclonal anti- 
body also recognizes a protein of M r 1 1 0 kDa corresponding to the 
protein PSM'. It should be noted that 7EI I.C5 does not recog- 
nizePSM' because the epitope of 7EI I.C5 monoclonal antibody is 
N-terminal (amino acid I '7) and is not found in PSM' because PSM' 
is a truncated version of PSMA and does not contain the initial 57 
amino acids of PSMA. Thus, 3F5.4G6 recognizes the C terminal 
portion of the protein (amino acid 716^723) and specifically the 
extracellular domain of PSMA and PSM'. 

PSMA was originally defined and its tissue expres- 
sion characterized based upon the reactivity of the 
monoclonal antibody 7E11.C5 [3]. These results indi- 
cated high specificity for prostatic tissues and an in- 
creased expression of the 7E11.C5 antibody in the 
serum of prostatic cancer patients compared to nor- 
mal individuals [2,3]. Further studies have confirmed 
this observation [1,4]. Other studies suggest that 
PSMA expression in tumors is down-regulated by 
steroids such as 5a-dihydro testosterone [9,10]. This 
behavior is consistent with the elevated expression of 
PSMA in hormone-refractory tumors. Thus, the re- 
sults indicate the antigen are almost entirely prostate 
specific in humans; furthermore, they may be a 
marker for aggressive clones of prostate cancer cells 
due to its increased expression in hormone-resistant 
tumors [1-4]. Figure 1 illustrates on Western blot the 
reactivity of 7E11.C5 with PSMA in LNCaP cells. It 
should be noted that monoclonal antibody 9H10 does 
not recognize a protein (i.e., PSMA) of M r 110-120 
kDa in LNCaP cells, but rather recognizes a protein of 
M r 30 kDa of unknown identity. 

Using the 7E11.C5 antibody as a probe, Israeli et 
al. [9] cloned a cDNA from LNCaP cells that encodes 
a 750-amino acid membrane protein. The deduced 
amino acid sequence defines a type II transmembrane 
protein composed of a short cytoplasmic domain, a 
membrane-spanning domain, and an extracellular 
domain, a portion of which has high sequence ho- 
mology to transferrin receptor [9]. Further work has 
shown that the protein epitope to which the 7E11.C5 
antibody binds is composed of the N-terminal amino 
acids of the protein located in the cytoplasmic domain 
[5,6]. That is, a "sixmer" composed of the first six 
amino acids from the N-terminal of PSMA was the 
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Fig. 2. Topographical representation of PSMA regions in relation to Hopp and Woods antigen 
prediction. A recent paper reported a rat brain partial cDNA clone of N AALADase which possesses 
a high degree of identity to the 3* end of the PSMA cDNA. The putative N AALADase protein is 
highly homologous to a region of the extracellular domain of PSMA. 



smallest peptide element recognized by 7E11.C5. No 
binding to any other peptide element not containing 
this terminal sequence was reported [5,6]. 

A variant of PSMA resulting from alternative splic- 
ing has been deduced from reverse transcriptase 
polymerase chain reaction (RT-PCR) studies and 
RNase protection assays [9]. This variant, designated 
PSM', is missing the first 57 amino acids of PSMA 
and was reported to predominate over PSMA in nor- 
mal prostatic tissues while the reverse relationship 
was true in the case of prostatic carcinomas [10]. 
Thus, the PSM' protein is not recognized by the 
7E11.C5 antibody (Fig. 1), and data supporting the 
physiological expression of PSM' to date rely solely 
on studies of the nature of mRNA species expressed 
in prostatic cells and tissues. 

We have been interested in expression of PSMA as 
a possible marker for disease progression, particularly 
in later stages of the disease. Efforts have so far fo- 
cused on development of serodiagnostic assays rely- 
ing on the 7E11.C5 antibody for detection in a quan- 
titative Western blot assay with serum. We now 
report, herein, the preparation of a monoclonal anti- 
body designated 3F5.4G6 that is specific for an 
8-amino acid region located near the C-terminal por- 
tion of the molecule (aa 716-723). An analysis of an- 
tigenic determinants based upon the Hopp and 
Woods algorithm demonstrated the antigenic poten- 
tial of this protein region [11] (Fig. 2). Its presence in 



the extracellular domain near the C-terminal of the 
protein makes this determinant ideal for application to 
a sandwich-type immunoassay or to detect the pres- 
ence of PSM' in the serum. 

The results presented indicate that the 3F5.4G6 
monoclonal antibody reacts specifically with the same 
protein species as 7E11.C5 in Western blots with LN- 
CaP cell crude lysates (Fig. 3). Immune precipitation 
with either 7E11.C5 or 3F5.4G6 yields an isolated pro- 
tein species, which in both cases is reactive with the 
reciprocal antibody in Western blot analyses (Fig. 3). 
Thus, it can be concluded that the 3F5.4G6 antibody 
recognizes the same PSMA protein as does 7E11.C5, 
but at different epitopes on essentially opposite ends 
of the molecule. The 3F5.4G6 antibody is thus well 
suited for use in a sandwich immunoassay as either a 
capture or detection antibody paired with the 
7E11.C5 antibody. Current work is focused on this 
strategy. 

The 3F5.4G6 antibody, in addition to its binding to 
the PSMA protein, cross-reacted with a protein spe- 
cies which correlates in size with the PSM' variant 
present in Western blots of LNCaP cell lysates (Fig. 3) 
by virtue of its specificity for a common epitope in the 
extracellular domain of both protein forms [10]. This, 
for the first time, provides direct evidence of the ex- 
pression of PSM' at the protein level and provides a 
possible means for differential quantitation of each 
protein form in serum. 3F5.4G6 antibody also recog- 
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Fig. 3. A: Demonstration that the 7E 1 1 .C5 and 3F5.4G6 mono- 
clonal antibodies recognize identical proteins and that 3F5.4G6 
recognizes an additional protein corresponding to PSM'. LNCaP 
lysate was initially immunoprecipitated with 7EI I.C5 monoclonal 
antibody and the immunoprecipitated material separated on SDS 
gels and probed in a Western blot assay with either 7E 1 1 .C5 (/ones 
1-4) or with 3F5.4G6 (lanes 5-8) monoclonal antibodies. Lanes I, 
5, crude LNCaP lysate (0.05 |xg protein/well); lanes 2, 6, pre- 
cleared LNCaP lysate (0.05 ng protein/well); lanes 3, 7, material 
that immunoprecipitated with 7EI I.C5 monoclonal antibody; lanes 
4, 8, proteins left in the previously immunoprecipitated LNCaP 
lysate. It should be noted that 7EI I.C5 immunoprecipitated a pro- 
tein of M r 1 20 kDa that was recognized not only by 7E 1 1 .C5 (lane 
3) t but also by 3F5.4G6 (lane 7). It should also be noted that 
present in the supernatant after 7EI I.C5 immunoprecipitation was 

nized PSMA in the serum of prostate cancer patients 
(stage D2; Fig. 4), illustrating its utility in detection of 
PSMA in the serum of prostate cancer patients. 

Studies of the expression of PSMA in the serum of 
both normal individuals and prostatic cancer patients 
has provided conflicting results at two laboratories 
[1-6]. Troyer et al. [5,6] reported evidence suggesting 
that the binding of 7E11.C5 to Western blots of serum 
specimens was nonspecific in that the peptide con- 
taining the antibody epitope (Nl-19) was ineffective in 
inhibiting antibody binding to a protein species mi- 
grating in the same region as PSMA. These studies 
used differing conditions than was previously re- 
ported by this laboratory wherein serum expression 
was demonstrated [1-4]. The results presented in Fig- 
ure 5 using the procedures we originally described 
indicate that 7E11.C5 binding to Western blots of both 
LNCaP cell lysates and human serum is specific and 
not due to nonspecific binding of secondary antibody. 
No labeling of any protein band corresponding to 
PSMA was detected in the absence of the 7E11.C5 
antibody, even after extended exposure of the blot to 
X-ray film. This evidence strongly supports the pres- 
ence of PSMA in human serum and is consistent with 
our earlier results demonstrating elevations in serum 
PSMA in prostatic cancer patients in clinical progres- 
sion. In our results, we have also failed to demonstrate 
PSMA protein in normal human brain tissue, in con- 
trast to a report by Troyer and colleagues, which has 
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a protein recognized by 3F5.4G6 (lane 8), but not by 7E 1 1 .C5 (lane 
4), and that corresponds to PSM'. Thus, 7EI I.C5 does not recog- 
nize PSM' (i.e., the epitope of 7E 1 1 .C5 is amino acids I -7 of PSMA 
while the epitope of 3F5.4G6 is amino acid 716-723) and there- 
fore PSM' should remain in the lysate of a 7EI I.C5 immunopre- 
cipitated LNCaP lysate and subsequently recognized by 3F5.4G6. 
B: Demonstration that monoclonal antibody 7EI I.C5 and mono- 
clonal antibody 3F5.4G6 recognize identical proteins. PSMA from 
an LNCaP lysate was immunoprecipitated by monoclonal antibody 
3F5.4G6, the proteins in the immunoprecipitate separated on a 
SDS gel, the proteins transferred to Immobilon P and probed in a 
Western blot with monoclonal antibody 7EI I.C5. Lane /, LNCaP 
lysate control; lane 2, 3F5.4G6 immunoprecipitation of 2.5 u,g LN- 
CaP lysate and Western blot with 7EI I.C5 monoclonal antibody. 



PSMA 



7E11.C5 
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Fig. 4. Demonstration by Western blot of PSMA in serum of 
prostate cancer patients (stage D2) using monoclonal antibody 
7EII.C5 (lanes /, 2) and demonstration of the recognition of 
PSMA in the same prostate cancer patient by monoclonal 
antibody3F5.4G6 (lanes 3, 4). 0.44u,g serum protein was loaded in 
each well and protein separated on SDS gels as described in Ma- 
terials and Methods. 

the same methodological limitations noted in Figure 5 
[5,6]. In addition, studies using the 9H10 monoclonal 
antibody have failed to show that it interacts with 
3F5.4G6 or 7E11.C5 antigen [3]. 

Moreover, 3F5.4G6 reactivity was not detected in 
DU-145 or PC3 cell lines— only in LNCaP, as is the 
case with 7E11.C5 [3]. There is, however, a most re- 
cent report demonstrating a clear nucleotide sequence 
identity for a region of the extra-cellular portion of 
PSMA (i.e., in the PSM' distal region) which possesses 
properties of NAALADase membrane hydrolase (fig- 
ure 2). 12 We are conducting further work to clarify the 
molecular characteristics of the NAALADase region to 
3F5.4G6 and 7E11.C5. Nevertheless, the availability of 
the 3F5.4G6 antibody for application in a sandwich 
immunoassay will simplify the detection of serum 
PSMA and provide a potentially useful clinical tool for 
monitoring prostatic cancer patients. 
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Fig. 5. Demonstration that recognition of a protein in LNCaP 
l/sate (lanes I, 5) and in the serum of cancer patients (/ones 2, 6) 
by 7EI I.C5 is specific to the primary antibody 7EI I.C5 and not 
due to nonspecific recognition by secondary antibody used to re- 
port primary antibody binding to proteins. LNCaP lysate (0.05 p,g 
protein/well; /ones / ,3,5 ,7) or prostate cancer patient serum (0.44 
pg protein/well; /ones 2,4,6,8) was separated on SDS gels as pre- 
viously described and transferred to Immobilon P paper and pro- 
cessed for Western blot as follows. Lanes 1,2,5,6 were probed with 
7E 1 1 .C5 monoclonal antibody and then with secondary antibody 
(i.e., goat antimouse IgG) or with secondary antibody only (/ones 
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